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POSTPARTUM CELLS DERIVED FROM PLACENTAL TISSUE, 
AIND METHODS OF MAKING AND USING THE SAME 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This claims benefit of U.S. Provisional Application Serial No. 60/483,264, filed June 27, 
2003, the entire contents of which are incorporated by reference herein. Other related 
applications include the followiag commonly-owned, co-pendiag applications, the entire 
contents of each of which are incorporated by reference herein: U.S. AppHcation No. [ETH- 
5073 NPl], filed June 25, 2004, U.S. Application No. [ETH-5073 NP3], filed June 25, 2004, 
U.S. Application No. [ETH-5073 NP4], filed June 25, 2004, U.S. Application No. [ETH-5073 
NP5], filed June 25, 2004, U.S. Application No. [ETH-5073 NP7], filed June 25, 2004, U.S. 
Application No. [ETH-5073 NP8], filed June 25, 2004, and U.S. Provisional Application No. 
60/555,908, filed March 24, 2004. 

FIELD OF THE INVENTION 

This invention relates to the field of marmnaHan cell biology and cell culture. In 
particular, the invention relates to cultured cells derived from postpartum placental tissue having 
the potential to differentiate into multiple lineages, and mefliods of preparation and use of those 
placenta-derived cells. 

BACKGROUND OF THE INVENTION 

Organ and tissue generation firom cells provides promising treatments for a number of 
patliologies, thereby making stem cells a central focus of research in many fields. Human stem 
cells are capable of generating a variety of mature human cell lineages. Transplantatioa of such 
cells has provided a clinical tool for reconstituting a target tissue, thereby restoring physiologic 
and anatomic functionality. The application of stem cell technology is wide-ranging, including 
tissue engineering, gene therapy delivery, and cell therapeutics for disorders including 
malignancies, inborn errors of metabolism, hemoglobinopathies, and immunodeficiency. 
_1. 
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An obstacle to realization of flie therapeutic potential of stem cell technology has been 
difficulty ia obtaining sufficient nmnbersofhmnan stem cells. One source of stem cells is 
embryonic or fetal tissue. Embryonic stem and progenitor cells have been isolated from a 
number of mammalian species, including humans. The derivation of stem cells from embryonic 
or fetal sources, however, has raised many ethical and moral issues. 

Stem cells also have been isolated from adult tissues. Methods for isolation of stem ceils 
from adult sources ofteai yield only limited quantities of cells and/or cells having limited ability 
to differentiate. 

Postpartum tissues have generated interest as an alternative source for human stem cells. 
For example, methods for recovery of stem cells by perfusion of the placenta or collection from 
umbilical cord blood have been described. A limitation of stem cell procurement fi'om these 
methods has been an inadequate volume of cord blood or quantity of cells obtained. 

Thus, alternative sources of adequate supplies of cells having the ability to differentiate 
into an array of cell lineages for cryopreservation and/or use in clinical applications remain in 
great demand. Such cells may be used in drug screening assays, for cryopreservation and/or 
banking, and for diagnostic and therapeutic applications. 

SUMMARY OF THE INVENTION 

The present invention relates to cells derived from postpartum placenta. The cells of the 
invention may be characterized by any one or more of characteristics including the presence or 
absence of cell surface mai-kers, methods of extraction from placental tissue, gene expression 
profiles, protein production profiles, secretion of factors, growth characteristics, or any 
combination of such characteristics. 

The invention enconrpasses cells derived from human postpartum placental tissue 
substantially free of blood. In some embodiments, the cell is capable of self-renewal and 
expansion in culture, in some aspects of the invention, the ceU has the potential to differentiate 
into cells of another phenotype. In some embodiments, the placenta-derived cell requires 
valme for growth. The placenta-derived ceUs of the invention are capable of growth in about 5% 
to about 20% oxygen. In some embodiments of the mvention, the placenta-derived cell exhibits 
at least one of the following characteristics: 

(a) production of at least one of tissue factor, vimentin, granulocyte chemotactic 
protein-2 (GCP-2), and alpha-smooth muscle actin; 
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(b) lack of production of at least one of GRO-alpha and oxidized low density 
lipoprotein receptor, as detected by flow cjrtometry; 



(c) production of at least one of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, 
PD-L2 and HLAr-A,B,C; 

(d) lack of production of at least one of CD31, CD34, CD45, CD80, CD86, CD117, 
CD141, CD178, B7-H2, HLA-G, and HLA-DP, DQ, DR, as detected by flow cytometry; 

(e) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is increased for at least one of C-type lectin 
stq)eifamily member A2, Wilms tumor 1, aldehyde dehydrogenase 1 family member A2, renin, 
oxidized low density lipoprotein receptor 1, protein kinase C zeta, clone IMAGE:4179671, 
hypothetical protein DKFZp564F013, downregulated in ovarian cancel- 1, and clone 
DKFZp547K1113; 

(f) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is reduced for at least one of: short stature 
homeobox 2; heat shock 27kDa protein 2; chemokine (C-X-C motif) Ugand 12 (stromal cell- 
derived factor 1); elastin; cDNA DKFZp586M2022 (from clone DKFZp586M2022); 
mesenchyme homeobox 1\ sine oculis homeobox homolog 1; crystallin, alpha B; dishevelled 
associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to neuralin 1; 
tetranectin; src homology thi-ee (SH3) and cysteine rich domain; B-cell translocation gene 1, 
anti-proUferative; cholesterol 25-hydroxylase; runt-related transcription factor 3; hypothetical 
protein FLJ23 191 ; interleukin 11 receptor, alpha; procollagen C-endopeptidase enhancer; 
frizzled homolog 7; hypothetical gene BC008967; collagen, type VIE, alpha 1; tenascin C; 
iroquois homeobox protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; 
CDNAFLJ12280 fis, clone MAMMAl 001744; cytokine receptor-like factor 1; potassium 
intermediate/small conductance calcium-activated channel, subfamily N, member 4; integrin, 
alpha 7; DKFZP586L151 protein; transcriptional co-activator with PDZ-bindiag motif (TAZ); 
sine oculis homeobox homolog 2; KIAA1034 protein; early growth response 3; distal-less 
homeobox 5; hypothetical protein FLJ20373; aldo-keto reductase family 1, member C3 (3-aIpha 
hydroxysteroid dehydrogenase, type II); biglycan; fibronectin 1; proenkephalin; integrin, beta- 
lilce 1 (with EGF-Iike repeat domams); cDNA clone EUROIMAGE 1968422; EphA3; 
KIAA0367 protein; natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide 

-3- 
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receptor C); hypothetical protein FLJ14054; cDNA DKFZp564B222 (firopa clone 
DKFZp564B222); vesicle-associated membrane protein 5; EGF-containing fibulin-like 
extracellular matrix protein 1; BCL2/adenovirus ElB 19H)a interacting protein 3-Iike; AE 
binding protein 1; cytochrome c oxidase subunit Vila polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1; and insulin-like growth factor binding protein 2, 36kDa; 

(g) secretion of at least one of monocyte chemotactic protein 1 (MCP-1), interleukin- 
6 (IL-6), stromal-derived factor lalpha (SDF-lalpha), interleuldn 8 (IL8), granulocyte 
chemotactic proteiti-2 (GCP-2), hepatocyte growth factor (HGF), keratiaocyte growth factor 
(KGF), heparui-binding epidermal growth factor (HB-EGF), brain-derived neiuotrophic factor 
(BDNF), tissue inhibitor of matrix metallpproteinase 1 (TIMPl), tbrombopoietin (TPO), 
macrophage inflammatory protein lalpha(MrPla), Rantes (regulated on activation, normal T cell 
expressed and secreted), thymus and activation-regulated chemokine (TARC), and Eotaxin; 

(h) lack of secretion of at least one of fibroblast growth factor (FGF), vascular 
endothelial growth factor (VEGF), angiopoietin 2 (ANG2), platelet derived growth factor 
(PDGF-bb), transforming growth fiactor beta2 (TGFbeta2), macrophage iEdaammatory protein 
Ibeta (MlPlb), D09, and macrophage-derived chemokine (MDC), as detected by ELISA; and 

(i) the ability to undergo at least 40 population doublings in culture. 

In specific embodiments, the cell has all identifying features of any one of: cell type 
PLA 071003 (PS) (ATCC Accession No. PTA-6074); ceU type FLA 071003 (Pll) (ATCC ^ 
Accession No. PTA-6075); and cell type PLA 071Q03 (P16) (ATCC Accession No. PTA-6079). 
The placenta-derived cells of the invention are preferably human cells. The cells of the invention 
may be of neonatal lineage, maternal lineage, or a combination thereof. 

The invention also provides placenta-derived cells isolated firom a post-partum placenta 
or ftagment thereof by enzymatic dissociation with a matrix metalloprotease (MMP); a matrix 
metalloprotease and a neutral protease; a matrix metalloprotease and a mucolytic enzyme that 
digests hyaluronic acid; or a matrix metalloprotease, a neutral protease, and a mucolytic enzyme 
tliat digests hyaluronic acid. Preferable matrix metalloproteases include coUagenase. The neutral 
protease is preferably thermoiysin or dispase, and most preferably is dispase. The mucolytic 
enzyme that digests hyaluronic acid preferably is hyaluronidase. The LIBERASE (Boehringer 
Mannheim Corp., Indianapohs, IN) Blendzyme (Roche) series of enzyme combinations are very 
useful and may be used in the instant methods. Other sources of eiiz3/mes are known, and the 
_4- 
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sMlled artisan may also obtain such enzymes directly from their natural sources. The skilled 
artisan is also well-equipped to assess new, or additional enzymes or enzyme combinations for 
their utility in isolating the cells of the invention. Preferred enzyme treatments are 0.5, 1, 1.5, or 
2 hours long or longer. In more preferred embodiments, the tissue is incubated at 37°C during 
the enzyme treatment of the disintegration step. 

In some embodiments of the invention, the placental tissue is separated into fractions 
prior to cell extraction, such that the cell is predominantly of neonatal or maternal derivation. In 
some aspects of the invention, placental tissue is mechanically dissociated prior to the step of 
enzymatic dissociation. In some embodiments, the method of isolation of the cells of the 
invention further involves growing the cells in culture medium. The culture medium preferably 
is RPMI1640, Hani's FIO medium, Ham's F12 medium. Mesenchymal Stem Cell Growth 
Medium, Iscove's modified Dulbecco's medium, Dulbecco's modified Eagle's Medium 
(DMEM), advanced DMEM (Gibco), DMEM/MCDB201 (Sigma), CELI^GRO FREE, 
DMEM/F12, or Eagle's basal medium. In some aspects of the invention, the culture medium is 
supplemented with about 2% to about 15% (v/v) serum, beta-mercaptoefthanol, glucose, and'or 
an antibiotic agent and an antimycotic agent The culture medium preferably is Growth medium 
comprising DMEM, glucose, beta-meicaptoethauol, serum, and an antibiotic agent. The culture 
medium may contain at least one of fibroblast growth factor, platelet-derived growth factor, 
vascular endothelial growth factor, epidermal growth factor, and leukemia inhibitory factor. The 
cells of the invention may be grown on an uncoated or coated sxirface. Surfaces for growth of 
the cells may be coated for example with gelatin, collagen (e.g., native or denatured), fibronectin, 
laminin, ornithine, vitronectin, or extracellular membrane protein (e.g., MATRIGEL (BD 
Discovery Labware, Bedford, MA)). 

The invention includes within its scope placenta-derived cells characterized by growth 
characteristics, such as but not limited to, cells that yield greater than about 10^' cells in about 60 
days upon initial seeding at about 1,000 to about 5,000 cells/cm^. In some embodhnents, the 
placenta-derived cells of the uivention have the ability to undergo at least 40 population 
doublings in about 80 days in culture. 

The placenta-derived cells of the invention may be utilized from the first subculture 
(passage 0) to senescence. The preferable number of passages is that wMch yields a cell number 
sufficient for a given application. In certain embodiments, the cells are passaged 2 to 25 times, 
preferably 4 to 20 times, more preferably 8 to 15 times, more preferably 10 or 1 1 times, and most 
preferably 11 times. 
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Methods for inducmg differentiation of placenta-derived cells of the invention also are 
contemplated. Li some embodiments of the invention, placenta-derived cells are induced to a 
mesodermal, ectodermal, or endodermal lineage. For example, the cells may be induced to 
differentiate to an adipogenic, a cbondrogenic, an osteogenic, a neurogenic, an oculogenic, a 
pancreagenic, a cardiomyogenic, or a hepatogenic lineage. Methods of inducing differentiation 
of the cells of the invention preferably involve contacting or exposing the cells to one or more 
differentiation-inducing agents. In some embodiments, such contact or exposure occurs in 
culture. The invention uicludes the cells so induced. 

Cells of the invention may be genetically engineered to express a gene of interest or to 
produce a protein of interest sucb as but not limited to a therapeutic protein. For example, PDCs 
may be genetically engineered to ejqpress an antiinflammatory compound or an anti-^optotic 
agent. 

Methods of the invention flirfher include methods for producing a population of placenta- 
derived cells by expanding a cell or cells of the mvention in culture. The PDCs may be 
differentiation-induced or undifferentiated. In some embodiments, a population of placenta- 
derived ceils is mixed with another populaddn of cells. In some embodiments, tiie ceU population 
is heterogeneous. A heterogeneous cell population of the invention may comprise at least about 
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% undifferentiated or 
differentiation-induced PDCs of the invention, The heterogeneous cell populations of the 
invention may ftirther comprise stem cells or cells of a mesodermal, endodermal, or ectodermal 
lineage. CeU populations of the invention may be homogeneous. Homogeneous populations of 
placenta-derived cells may be of neonatal or maternal lineage. Homogeneity of a cell population 
may be achieved by any method known in the art, for example, by cell sorting (e.g., flow 
cytometry) or by clonal expansionu 

Some embodiments of the invention provide methods of manufacturing a tissue matrix 
for implantation into a patient by seeding one or more placenta-derived cells of the invention 
onto or into a tissue matrix for implantation into a patient. The PDCs may be differentiated or 
undifferentiated. The matrix may contain one or more factors including drugs, anti-apoptotic 
agents {e.g., erythropoietin (EPO), BPO mimetibody, thrombopoietin, insuIin-iUce growth factor 
(IGF)-I, IGF-H, hepatocyte growth factor, caspase inhibitors), anti-inflammatory compounds 
(e.g., p38 MAP kinase inhibitors, TGF-beta inhibitors, statins, IL-6 and IL-1 mhibitors, 
PEMIROLAST, TRAMLAST, REMICADE, SIROLIMUS, and non-steroidal anti-inflammatoiy 
drugs (NSAIDS) (such as TEPOXALIN, TOLMBTIN, and SUPROFEN)) as well as local 
anesthetics, and growth factors. In some aspects of the invention, the nmtrix comprises 
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decellulaiized tissue, such as extracellular matrix or cell lysates of ttxe PDCs. In some 
embodiments, the matrix is biodegradable. In some aspects of the invention, the matrix 
comprises natural or syntiietic polymers. Matrices of the invention include biocompatible 
scaffolds, lattices, self-assembling stmctures and the Hke, whether biodegradable or not, liquid or 
solid. Such matrices are known in the arts of cell-based therapy, surgical repair, tissue 
engineering, and woxmd healing. Preferably the matrices are pretreated (e.g., seeded, inoculated, 
contacted with) with the ceils, extracellular matrix, conditioned medium, cell lysate, or 
combination thereof, of the invention. More preferably the matrices are populated with cells in 
close association to the matrix or its spaces, hi some aspects of the invention, the cells adhere to 
the matrix. la some embodiments, the cells are contained within or bridge interstitial spaces of 
the mahix. Most preferred are those seeded matrices wherein the cells are in close association 
with the matrix and which, when used therapeutically, induce or support ingrowth of the 
patient's cells and/or proper angiogenesis. The seeded matrices can be introduced uito a 
patient's body in any way known in the art, including but not limited to implantation, injection, 
surgical attachment, transplantation with other tissue, injection, and the like. Examples of 
scaffolds which may be used in the present invention include nonwoven mats, porous foams, or 
self-assembling peptides. Nonwoven mats may, for example, be formed using fibers comprised 
of a synthetic absorbable copolymer of glycolic and lactic acids (PGAyTPLA) sold under the 
tradename VICRYL (Ethicon, Inc. Somerville, NJ). Foams conqposed o:^ for example, 
poly(epsilon-caproiactone)/poly(glycohc aicd) (PCL/PGA) copolymer, formed by the processes 
such as freeze-drying, or lyophihzed, as discussed in U.S. Patent No. 6,355,699, also are possible 
scaffolds. Hydrogels such as self-assembling peptides (e.g., RAD16) may also be used. These 
materials are frequently used as supports for growth of tissue. The matrices of the invention may 
be configured to the shape and/or size of a.tissue or organ in vivo. The scaffolds of tlie invention 
may be flat or tubular or may comprise sections thereof. The scaffolds of the invention may be 
multilayered. Organs and tissues comprising PDCs, their extracellular matrix, or cell lysate also 
are provided. 

Also encompassed within the scope of the invention are extracellular matrices of PDCs, 
cell fractions (e.g., soluble cell firactions) of PDCs, and PDC-conditioned medium. 

In some embodiments the invention provides compositions of PDCs and one or more 
bioactive factors, for example, but not limited to growth factors, anti-apoptotic agents, anti- 
inflamrnatory agents, and/or differentiation inducing factors. 
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The cells, matrices, tissues, and compositions of the invention may be cryopreserved. 
Ciyopreserved cells and compositions of the invention may be banked or stored. Methods for 
cryopreserving and/or storing postpartum-derived cells of the invention also are contemplated. 

Compositions of PDCs and related products, including for example pharmaceutical 
compositions, are included within the scope of the invention. Compositions of PDCs may 
include one or more of a differentiation-iiiducing factor, a cell survival factor such as caspase 
inliibitor, an anti-inflammator}' agent such as p38 kinase inhibitor, growth factors, such as 
PDGF-bb, EGF, bFGF, LIF, IGF-1, or VEGF, or an angiogenic factor such as VEGF or bPGF. 
Pharmaceutical compositions of the placenta-derived cells, extracellular matrix produced 
tliereby, cell lysates thereof and PDC-conditioned medium are included within the scope of the 
invention. The pharmaceutical compositions preferably include a pharmaceutically acceptable 
carrier or excipient. 

In some embodiments, mettiods of transplantmg placoita-derived cells or matrices and 
meliiods of regenerating a tissue' or organ in a patient in need thereof by transplanting cells or 
matrices of the inveaotion into a patient are provided. 

Further provided by the invention are methods for treating a disease or injury in a patient 
by administering one or more placenta-derived cells, PDC populations, matrices, cell lysates, 
conditioned medium, or compositions of the invention. 

The invention also encomp^ses cell cultures of the placenta-derived cells of the 
invention. The cultures of the invention preferably are capable of at least 40 population 
doublings upon uiitial seeding. 

The cell and compositions of the invention may be used, for example, in the treatment of 
conditions or repair of tissue. In some embodiments of the invention, the condition to be treated 
is a condition of soft tissue (e.g., skin, muscle, vasculature, tendons, ligaments, bladder, fascia, 
pelvic floor), bone, pancreas, kidney, Uver, nervous system, eye, heart, or cartilage. 

Metliods of the invention further include methods for pTOducing a population of placenta- 
derived cells by expanding a cell of the invention in culture. 

Other features and advantages of the invention will be apparent from the detailed 
description and examples that follow. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
Definitions 

Various terras used throughout the specification and claims are defined as set forth 

below. 

-8- 



wo 2005/001076 PCT/US2004/020816 

Stem cells axe undifferentiated cells defined by their ability at the single cell level to both 
self-renew and differentiate to produce progeny cells, including self-renewing progenitors, non- 
renewing progenitors and terminally differentiated cells. Stem cells are also characterized by 
their ability to differentiate in vitro into functional cells of various cell lineages &om multiple 
getm layers (ehdodemi, mesoderm and ectoderm), as well as to give rise to tissues of multiple 
genn layers following transplantation and to contribute substantially to most, if not all, tissues 
following injection into blastocysts. 

Stem cells are classified by their developmental potential as: (1) totipotent - able to give 
rise to all embryonic and extraembryonic cell types; (2) pluripotent - able to give rise to all 
embryonic cell types; (3) multipotent - able to give rise to a subset of cell lineages, but all within 
a particular tissue, organ, or physiological system (for example, hematopoietic stem cells (HSC) 
can produce progeny that include HSC (self-renewal), blood cell-restricted oiigopotent 
progenitors, and all cell types and elements (eg., platelets) that are normal components of the 
blood); (4) oiigopotent- able to give rise to a more restricted subset of cell lineages than 
multipotent stem cells; and (5) unipotent- able to give rise to a single cell lineage (e.g., 
spermatogenic st^ cells). 

Stem cells are also categorized on the basis of the source from which they may be 
obtained. An adult stem cell is generally a multipotent undifferentiated cell found in tissue 
comprising multiple differentiated cell t>^es. The adult stem ceU can renew itself and, imder 
normal circumstances, differentiate to yield the specialized cell types of the tissue from which it 
originated, and possibly other tissue types. An embryonic stem cell is a pluripotent cell from the 
inner cell mass of a blastocyst-stage embryo. A fetal stem cell is one that originates from fetal 
tissues or membranes. A postpartum stem cell is a multipotent or pluripotent cell that originates 
substantially from extraembryonic tissue available after birth, namely, the placenta and the 
imibihcal cord. These cells have been found to possess features characteristic of pluripotent 
stem cells, including r^id proHferation and tlie potential for differentiation into many cell 
lineages. Postpartum stem cells may be blood-derived {e.g., as are those obtained from umbilical 
cord blood) or non-blood-derived (e.g., as obtained from the non-blood tissues of the umbilical 
cord and placenta). 

Embryonic tissue is typically defined as tissue originating from the embryo (which in 
humans refers to the period from fertilization to about six weelcs of development. Fetal tissue 
refers to tissue originating from the fetus, which in humans refers to the period from about six 
weeks of development to parturitioiL Extraembryonic tissue is tissue associated with, but not 
originating from, the embryo or fetus. Extraembryonic tissues include extraembryonic 
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membranes (chorion, amnion, yolk sac and allantois), umbilical cord, and placenta (which itself 
forms from the chorion and the maternal decidua basalis). 

Differentiation is the process by which an unspecialized ("uncommitted") or less 
specialized cell acquires the features of a specialized cell, such as a nerve cell or a muscle cell, 
for example. A differentiated, or differentiation-induced cell is one that has talcen on a more 
specialized ("committed") position within the lineage of a cell. The term committed, when 
appUed to the process of differentiation, refers to a cell that has proceeded in the differentiation 
pathway to a point where, under normal curcumstances, it wiU continue to differentiate into a 
specific cell type or subset of cell tj^es, and cannot, under normal circumstances, differentiate 
into a different cell type or revert to a less differentiated cell type. De-differentiation refers to 
the process by which a cell reverts to a less specialized (or committed) position within the 
lineage of a cell. As used herein, the lineage of a cell defines the heredity of the cell, i.e., which 
cells it came from and what cells it can give rise to. The lineage of a cell places the cell within a 
hereditary scheme of development and differentiation. A lineage-specific marker refers to a 
. characteristic specifically associated with the phenotype of cells of a lineage of interest and can 
be used to assess the differentiation of an uncommitted cell to the lineage of interest. 

ha a broad sense, a progenitor cell is a cell that has the capacity to create progeny that are 
more differentiated than itself and yet retains the capacity to replenish the pool of progenitors. 
By lhat defmition, stem cells themselves are also progenitor cells, as are the more immediate 
precursors to terniinally differentiated cells. When referring to the cells of the present invention, 
as described in greater detail below, tiiis broad definition of progenitor cell may be used. In a 
narrower sense, a progenitor cell is often defined as a cell that is intermediate in the 
differentiation pathway, i.e., it arises from a stem cell and is intermediate in the production of a 
mature cell type or subset of cell types. This type of progenitor cell is generally not able to self- 
renew. Accordingly, if this type of cell is referred to herein, it wiU be referred to as a non- 
renewing progenitor cell or as an intermediate progenitor or precursor cell. 

As used herein, the phrase differentiates into a mesodermal, ectodermal or endodermal 
lineage refers to a cell that becomes committed to a specific mesodermal, ectodermal or 
endodemial lineage, respectively. Examples of cells that diffisrentiate into a mesodermal lineage 
or give rise to specific mesodermal cells include, but are not limited to, cells that are adipogenic, 
chondrogenic, cardiogenic, dermatogenic, hematopoietic, hemangiogenic, myogenic, 
nephrogemc, urogenitogenic, osteogenic, pericardiogenic, or stromal. Examples of ceUs that 
differentiate uito ectodermal lineage include, but are not limited to epidermal cells, neurogenic 
cells, and neurogliagenio cells. Examples of ceUs that differentiate into endodermal lineage 
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include, but are not limited to pleurigenic cells, and hepatogenic cells, cell that give rise to the 
lining of the intestine, and cells that give rise to pancreogenic and splanchogenic cells. 

The cells of the present invention are referred to as placenta-dertved cells (PDCs). They 
also may sometimes be referred to herein as postpartum-derived cells or postpartum cells 
(PPDCs). In addition, the cells may be described as being stem or progenitor cells, the latter 
term, being used in the broad sense. The term derived is used to indicate that the cells have been 
obtained from tlieir biological source and grown or otherwise manipulated in viti'o (e.g., cultured 
in a growth medium to expand tlie population and/or to produce a cell line). The in vitro 
manipulations of placenta-derived ceUs and the uinque features of the placenta-derived cells of 
the present invention are described in detail below. 

Various teuns are used to describe ceUs in culture. Cell culture refers generally to cells 
talcen from a living organism and grown under controlled condition C'in culture"). K primary 
cell culture is a culture of cells, tissues or organs taken directly from organisms and before the 
first subculture. Cells are expanded in culture when they are placed in a growth medium under 
conditions that facilitate cell growth and/or division, resulting in a ktger population of the cells. 
When cells are expanded in culture, the rate of cell proliferation is sometimes measured by the 
amount of tune needed for the ceUs to double in number. This is referred to as doubling time. 

A cell line is a population of cells formed by one or more subcultivations of a primary 
cell culture. Each round of subculturing is referred to as a passage. When cells are subcultured, 
tliey are referred to as having been passaged, A specific population of cells, or a cell line, is 
sometimes referred to or characterized by the number oftimes it has been passaged. For 
example, a cultured cell population that has been passaged ten times may be referred to as a Pi 0 
culture. The primary culture, i.e., the jSrst culture following the isolation of cells from tissue, is 
designated PO. Following the first subculture, the cells are described as a secondary culture (PI 
or passage 1). After the second subculture, the cells become a tertiary culture (P2 or passage 2), 
and so on. It will be understood by those of skill in the art that there may be many population 
doublings during the period of passaging; tlierefore the number of population doublings of a 
culture is greater than the passage number. The expansion of cells (i.e., the number of 
population doublings) during the period between passaging depends on many factors, including 
but not limited to the seeding density, substrate, medium, and time between passaging. 

A conditioned medium is a medium in which a specific cell or population of cells has 
been cultured, and then removed. While the cells are cultured in the medium, they secrete 
cellular factors that can provide frophic support to other cells. Such trophic factors include, but 
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are not limited to honnones, cytofciaes, extracellular matrix (ECM), proteins, vesicles, 
antibodies, and granules. The medium containing the cellular factors is the conditioned medium. 

Generally, a trophic factor is defined as a substance that promotes survival, growth, 
proliferation, maintenance, differentiation, and /or maturation of a cell, or stimulates increased 
activity of a cell. 

When referring to cultured vertebrate cells, the term senescence (also replicattve 
senescence or cellular senescence) refers to a property attributable to finite cell cultures; namely, 
their inability to grow beyond a finite number of population doublings (sometimes referred to as 
Hayflick's limit). Although cellular senescence was first described using fibroblast-like cells, 
most normal human cell types that can be grown successfully in culture undergo cellular 
senescenee. The in viiro lifespan of different cell types varies, but the naaximuni lifespan is 
typically fewer than 1 00 population doublings (this is the number of doublings for all the cells in 
the culture to become senescent and thus reader the culture unable to divide). Senescence does 
not depend on chronological time, but rather is measured by the number of ceU divisions, or 
population doublings, the culture has undergone. Thus, cells made quiescent by removing 
essential growth fectors are able to resume growth and division when the growth factors are re- 
introduced, and thereafter carry out the same number of doublings as equivalent cells grown 
continuously. Similarly, when cells are fiozen in liquid nitrogen after various numbers of 
population doublings and then thawed and cultured, they undergo substantially the same number 
of doublings as cells maintained unfrozen in culture. Senescent cells are not dead or dying cells; 
they are actually resistant to programmed cell death (apoptosis), and have been maintained in 
their nondividing state for as long as three years. These cells are very much aUve and 
metaboUcaUy active, but they do not divide. The nondividing state of senescent cells has. not yet 
been found to be reversible by any biological, chemical, or viral agent. 

As used herein, the term Growth medium refers to a culture medium sufficient for 
expansion of placenta-derived ceils. The culture medium of Growth medium preferably contains 
Dulbecco's Modified Essential Media (DMEM). More preferably. Growth medium contains 
glucose. Growth medium preferably contains DMEM-low glucose (DMEM-LG) (Invitrogea, 
Carlsbad, CA). Growth medium preferably contains about 15% (v/v) serum (e.g., fetal bovine 
serum, defined bovine serum). Growtli medium preferably contains at least one antibiotic agait 
and/or antunycotic agent (e.g., penicillin, streptomycin, amphotericin B, gentamicin, njretatin; 
preferably 50 units/milliliter penicillin G sodium and 50 micrograms/miUiliter sfa-eptomycin 
sulfate). Growth medium preferably contains 2-mercaptoethanol (Sigma, St. Louis MO). Most 
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preferably. Growth medium contains DMEM4ow glucose, serum, 2-mercaptoethanol, and an 
antibiotic agent and antimycotic agent 

As used herein, standard growth conditions refers to standard atmospheric conditions 
comprising 5% CO2 and a temperature in the range of 35°C to 39°C, more preferably, 37°C, and 
a relative humidity of about 1 00%, 

The temx isolated refers to a cell, cellular component, or a molecule that has been 
removed from its native environment. PDCs, for example, may be isolated in some embodiments 
of the invention. 

The term about refers to an ^proximation of a stated value within a range of ±10%. 

The term treating (or treatment oj) a condition refers to ameliorating the effects of, or 
delaying, halting or reversing the progress of, or delaying or preventing the onset of, a condition 
such as but not limited to a congenital anomaly, disease, ox injury: 

The term effective amount refers to a concentration of a reagent or phannaceutical 
composition, such as a growth factor, differentiation agent, trophic factor, cell population or 
other agent, that is effective for producing an intended result, including cell growth and/or 
differentiation in vitro or in vivo, or treatment of a condition as described herein. With respect to 
growth factors, an effective amount may range from about 1 nanogranVmilliliter to about 1 
niicrograai/milliliter. With respect to PDCs as administered to a patient in vivo, an effective 
amount may range from as few as several hundred or fewer to as many as several itullion or 
more. In specific embodiments, an effective amount may range from lO^-lO'^ It will be 
appreciated that the number of cells to be administered will vary depending on the specifics of 
the disorder to be treated, including but not limited to size or total volume/surface area to be 
treated, as well as proximity of the site of administration to the location of the region to be 
treated, among other factors familial- to the medicinal biologist. 

The terms effective period (or time) and effective conditions refer to a period of time or 
other controllable conditions {e.g., temperature, humidity for in vitro methods), necessary or 
preferred for an agent or pharmaceutical composition to achieve its intended result. 

The term patient or subject refers to anunals, including mammals, preferably humans, 
who are treated with the pharmaceutical compositions or in accordance with the methods 
described herein. 

The term matrix as used herein refers to a support for the PPDCs of the invention, for 
example, a scaffold (e.g., VICRYL, PCL/PGA, or RAD16) or supporting medium (e.g;, 
hydrogel, extracellular membrane protein {e.g., MATRIGEL (BD Discovery Labware, Bedford, 
MA)). 
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The tQrm pharmaceuticalfy acceptable carrier (or medium), whidi may be used 
interchangeably with the temi biologically compatible carrier or medium, refers to reagents, 
cells, compoimds, materials, compositions, and/or dosage forms which are, within the scope of 
sound medical judgment, suitable for use in contact with the tissues of human beings and animals 
without excessive toxicity, irritation, allergic response, or other comphcation commensurate with 
a reasonable benefit/risk ratio. As described in greater detail herein, pharmaceutically acceptable 
carriers suitable for use in the present invention include liquids, semi-soUd (e.g., gels) and solid 
materials {e.g., cell scaffolds). As used herein, the term biodegradable describes the abihty of a 
material to be broken down (e.g., degraded, eroded, dissolved) in vivo. The term includes 
degradation in vivo with or vnthout elimination {e.g. , by resorption) from the body. The semi- 
solid and solid materials may be designed to resist degradation within the body {non- 
biodegradable) or ttiey may be designed to degi-ade within the body {biodegradable, 
bioerodable). A biodegradable material may further be bioresorbable or bioabsorbable, i.e., it 
may be dissolved and absorbed into bodily fluids (watesr-soluble implants are one example), or 
degraded and ultimately eliminated from the body, either by conversion into other materials or 
brealcdown and elimination through natural pathways. 

S everal terms are used herein with respect to cell replacement therapy. The terms 
autologous transfer, autologous transplantation, autograft and the like refer to treatments 
wherein the cell donor is also the recipient of the cell replacement therapy. The terms allogeneic 
transfer, allogeneic transplantation, allograft and the like refer to treatments wherein the cell 
donor is of the same species as the recipient of the cell replacement therapy, but is not the same 
individual. A cell transfer in which the donor' s cells have been histocompatibly matched with a 
recipient is sometimes refisrred to as a. syngeneic transfer. The terms xenogeneic trailer, 
xenogeneic transplantation, xenograft and the like refer to treatments wherein the cell donor is of 
a different species than the recipient of the cell replacement therapy. 

The following abbreviations are used herein: 

ANG2 (or Ang2)for angiopoietin 2; 

APC for antigen-presenting cells; 

BDNF for brain-deiived neurotrophic factor; 

bFGF for basic fibroblast growth factor; 

bid (BID) for "bis in die" (twice per day); 

BSP for bone sialoprotein; 

CfiT/a for cytokeratin 18; 

CXC ligand 3 for chemolcine receptor ligand 3; 
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DAPI for 4' - 6-Diamidmo-2-phenylindole-2HCl; 

DMEMiox Dulbecco's Mminial Essential Medium; 

DMEMdg (otDMEM:Lg, DMEMiLG) for DMEM witii low glucose; 

EDTA for efhylene diamine tetraacetic acid; 

EGF (or K) for epidermal growth factor, 

EPO for erythropoietin; 

FACS for fluorescent activated cell sorting; 

FBS for fetal bovine serum; 

i^'GF (or F) for fibroblast growtii factor; 

GCP-2 for granulocyte chemotactic protein-2; 

GDF-5 for growth and differentiation factor 5; 

GFAP for glial fibrillary acidic protein; 

HB-EGF for heparin-binding epidermal growfli factor; 

HCAEC for Human coronary artery endothelial cells; 

^TGF for hepatocyte growth factor; 

hMSC for Human mesenchymal stem cells; 

HNF-lalpha for hepatocyte-specific transcription factor; 

^iWEC for Human umbilical vein endothelial cells; 

1309 for a chemolcine and the ligand for the CCR8 receptor and is responsible for 
chemoattraction of TH2 type T-cells; 

IGF for insulin-like growth factor; 
IL-6 for interleukin-6; 
JZ-5 for interieuldn 8; 
is:7P for keratin 19; 
^5 for keratin 8; 

KGF for keratinocyte growth factor; 

MCP-1 for monocyte chemotactic protein 1 ; 

MDC for macrophage-deiived chemokine; 

M7Pifl?j?^^« for macrophage inflammatoiy protein 1 alpha; 

MlPlbeta for macrophage inflatronatory protein Ibeta; 

MMP for matrix metalioprotease (MMP); 

MSG for mesenchymal stem cells; 

7//ffi>F for Normal Human Dermal Fibroblasts; 

NPE for Neural Progenitor E3q)ansion media; 
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OxLDLR for oxidized low density lipoprotein receptor; 

PBMC for peripheral blood mononuclear cell; 

PBS for phosphate buffered saline; 

PDC for placenta-derived cell; 

PDGFbb for platelet derived growth factor; 

PDGFr-alpha for platelet derived growth factor receptor alpha; 

PD'L2 for programmed - death Ugand 2; 

PE for phycoerythrin; 

PO for "per os" (by monfli); 

PPDC for poslpartttm-derived cell; 

Rantes (or RANTES) for regulated on activation, normal T cell expressed and secreted; 
rb for rabbit 

for recombinant; 
SC for subcataneously; 

SCID for severe combined immunodeficiency; 

SDF-iiz/p/^a foi stromal-derived factor lalpha; 

SHH for sonic hedgehog; 

SMA for smooth muscle actin; 

SOP for standard operatuig procedure; 

Ti^iiC for thymus and activation-regulated chemokine; 

TCP for tissue culture plastic; 

TGFbetal for transforming growth factor beta2; 

TGFbeta-S for transforming growth factor beta-3; 

TIMPl for tissue inhibitor of matrix metalioproteinase 1; 

TPO for thrombopoietin; 

rMJiforBinTubuIia; 

UDC for umbilical cord-derived cell; 

VEGF for vascular endothehal growth factor; 

vWF for von Willebrand factor; and 

alphaFP for alpha-fetoprotein. 

Description 

Various patents and other publications are cited herein and throughout the specification, 
each of which is incorporated by reference hei'dn in its edotirety. 
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In one ^pect, the invention provides placenta-derived cells (PDCs) derived from 
placental tissue washed substantially free of blood. The PDCs may be derived from placenta of a 
mammal including but not limited to human. The placentas from which the cells are derived are 
post-partom placentas. The cells are capable of self-renewal and expansion in culture. The 
placenta-derived cells have the potential to differentiate into cells of olher phenotypes. In 
preferred embodiments, the cells can differentiate into a cell of ectodermal, mesodermal, or 
endodermal origin. The invention provides, in one of its several aspects, cells that are isolated 
from placental tissues, as opposed to placental blood. 

The cells have been characterized as to several of their cellular, genetic, immunological, 
and biochemical properties. For example, the cells have been characterized by their growth, by 
their cell surface marlcers, by their gene expression, by their ability to produce certain 
biochemical trophic factors, and by their iinmunological properties. 

Berivatioit and expansion of placenta-derived cells (PDCs) 

According to the methods described herein, a mammalian placenta is recovered upon or 
shortly after termination of either a full-term or pre-temi pregnancy, for example, after its 
expulsion after birth. Placental tissue can be obtained from any completed pregnancy, full-term 
or less than full-term, whether delivered vaginally, or through other means, for example, 
Cessarian section, The placenta may be transported from the birth site to a laboratory in a sterile 
container such as a flask, beaker, culture dish, or bag. The container may have a solution or 
medium, mcluding but not limited to a salt solution, such as, for example, Dulbecco's Modified 
Eagle's Medium (DMEM) or phosphate buffered saline (PBS), or any solution used for 
transportation of organs used for transplantation, such as University o^' Wisconsin solution or 
perfluorochemical solution. One or more antibiotic and'or antimycotic agents, such as but not 
hmited to penicillin, streptomycin, amphotericin B, gentamicin, and nystatin, may be added to 
tlie medium or buffer. The placenta may be rinsed with an anticoagulant solution such as 
heparin-contaimng solution. It is preferable to keep the tissue at about 44 OT prior to extraction 
of PDCs. It is even more preferable that the tissue not be frozen prior to extraction of PDCs. 

Isolation of PDCs preferably occurs in an aseptic environment. The umbilical cord is . 
removed from the placenta by means known in the art Placental tissue is washed substantially 
free of blood and debris prior to derivation of PDCs. For example, the placental tissue may be 
washed with buffer solution, such as but not limited to phosphate buffered saline. The wash 
buffer also may comprise one or more antimycotic and/or antibiotic agents, such as but not 
limited to penicillia, streptomycin, amphotericin B, gentamicin, and nystatin. 
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In some aspects of the iavention, the different cell types present in postpartum tissue are 
fractionated into subpopulations from which the PDCs can be isolated. This may be 
accomphshed using techniques for cell separation including, but not limited to, enzymatic 
treatment to dissociate postpartum tissue into its component cells, followed by cloning and 
selection of specific cell types, for example but not limited to selection based on morphological 
and/or biochemical markers; selective growth of desired cells (positive selection), selective 
destraction of unwanted cells (negative selection); separation based upon differential cell 
agglutinabihty in the mixed population as, for example, with soybean agglutinin; freeze-fhaw 
procedures; differential adherence properties of the cells in the mixed population; filtration; 
conventional and zonal ceatrifiigation; centriftigal elulriation (counter-streaming centriftigation); 
unit gravity separation; couutercuirent distribution; electrophoresis; and flow cytometry, for 
example, fluorescence activated cell sortmg (FACS). 

In a preferred embodiment, placental tissue comprising a whole placenta or a fragment or 
section thereof is disaggregated by mechanical force (mincuig or shear forces), enzymatic 
digestion with single or combinatorial proteolytic enzymes, such as a matrix metaUoprotease 
and/or neutral protease, for example, collagenase, trypsin, dispase* LIBERASE (Boelmnger 
Mannheim Corp., Indianapolis, EST), hyaluronidase, and/or pepsm, or a combination of 
mechanical and enzymatic methods. For example, the cellular component of the placental tissue 
may be disaggregated by methods using collagenase-mediated dissociation. Collagenase may be 
type 1, 2, 3, or 4. En2ymatic digestion methods preferably employ a combination of enzymes, 
such as a combination of a matrix metaUoprotease and a neutral protease, for example, a 
combination of collagenase and dispase. More preferably, enzymatic digestion of placental 
tissue uses a combination of a matrix metaUoprotease, a neutral protease, and a mucolytic 
enzyme for digestion of hyalm-onic acid, such as a combination of collagenase, dispase, and 
hyaluronidase or a combination of LffiERASE (Boehringer Mannheim Corp., ladianapoUs, DSl) 
and hyaluronidase. Other enzymes known in the art for cell isolation include papain, 
deoxyribonucleases, serine proteases, such as trypsin, chymotrypsin, or elastase, that may be 
used eitiier on their own or in combination with other enzymes such as matrix metalloproteases, 
mucolytic enzymes, and neutral proteases. Serine proteases are preferably used consecutively 
following use of other enzymes. The temperature and period of time tissues or ceUs are in 
contact with serine proteases is particularly important. Serine proteases may be inhibited by 
alpha 2 microglobulin in serum and therefore the medium used for digestion is usuaUy serum- 
fi«e. EDTA and DNAse are commonly used in enzyme digestion procedures to increase the 
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efficiency of cell recovery. The degree of ailution of Hie digestion may also greatly affect the cell 
yield as cells may be trapped within the viscous digest. 

In some embodiments of the invention, placental tissue is separated into two or more 
sections, each section consisting of either neonatal, neonatal and maternal, or maternal aspect. 
The separated sections then are dissociated by mechanical mdJov enzymatic dissociation 
according to the methods described herein. Cells of neonatal or maternal lineage may be 
identified by any means known in the art, for example, by karyotype analysis or in situ 
hybridization for a Y chromosome. Karyotype analysis also may be used to identify cells of 
nonaal karyotype. 

Isolated cells or placental tislsue fix>m which PDCs grow out may be used to initiate, or 
seed, cell cultures. Cells are transferred to sterile tissue culture vessels either imcoated ox coated 
with extracellular matrix or ligands such as lamimn, collagen (e,g., native or denatured), gelatin, 
fibronectin, ornithine, vitronectin, and extracellular membrane protein (e.g., MATRIGEL (BD 
Discovery Labware, Bedford, MA)). PDCs are cultured in any culture medium capable of 
sustaining growth of the cells such as, but not limited to, DMEM (hi^ or low glucose). Eagle's 
basal medium, Ham' s Fl 0 mediirai (Fl 0), Ham's F-1 2 mediran (F12), Iscove's modified" 
Dulbecco's medium, Mesenchymal Stem Cell Growth Medium (MSCGM), Liebovitz's L-15 
medium, MCDB, DMEM/F12, RPMI 1640, advanced DMEM (Gibco), DMEM/MCDB201 
(Sigma), and CELL-GRO FREE. The culture medium may be supplemented with one or more 
components including, for example, serum (e.g., fetal bovine seimn (FBS), preferably about 2- 
15% (v/v); equine seiTim (ES); hmnan serum(HS)); beta-mercaptoethanol (BME), preferably 
about 0.001% (v/v); one or more growth factors, for example, platelet-derived growth factor 
(PDGF), epidermal growth factor (EGF), basic fibroblast growtii factor (bFGF), insulin-like 
growth factor-1 (IGF-1), leukemia inhibitory factor (LIF), vascular endothelial growth factor 
(VEGF), and erythropoietin (EPO); amino acids, including L-valine; and one or more antibiotic 
and/or antimycotic agents to control microbial contamination, such as, for example, penicillin G, 
streptomycin sulfate, amphotericins, gentamicin, and nystatin, either alone or in combination. 
The cultare medium preferably comprises Growth medium (DMEM-low glucose), serum, BME, 
an antimycotic agent, and an antibiotic agent). 

The cells are seeded in culture vessels at a density to allow cell growth. For example, the 
cells may be seeded at low density (for example, about 1,000 to about 5,000 cells/cm^) to high 
density (for example, about 50,000 or more cells/cm^). In a preferred embodiment, the cells are 
cultured at about 0 to about 5 percent by volume CO2 in air. In some preferred embodiments, 
the cells are cultured at about 2 to about 25 percent Oz in air, preferably about 5 to about 20 
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pearcent O2 in air. The cells preferably are cultured at about 25 to about 40° C, more preferably 
about 35°C to about 39°C, and more preferably are cultured at 37°C. The cells are preferably 
cultured in an incubator. The medium in the culture vessel can be static or agitated, for example, 
using a bioreactor. PDCs preferably are grown under low oxidative stress (e.g., with addition of 
glutathione, ascorbic add, cataiase, tocopherol, N-acetylcysteine). "Low oxidative stress", as 
used herein, refers to conditions of no or mimmal free radical damage to tiie cultured ceils. 

Methods for the selection of the most appropriate culture medium, medium preparation, 
aad cell culture techniques are well known m the art and are described in a variety of sources, 
mcluding Doyle et al, (eds.), 1995, CELL & TISSUE CULTURE: LABORATORY PROCEDURES, John 
Wiley & Sons, Chichester; and Ho and Wang (eds.), 1991, Animal CbllBiokeactors, 
Butterworth-Heinemann, Boston, which are incorporated herein by reference. 

The culture medium is changed as necessary, for example, by carefully aspirating the 
medium from the dish, for example, with a pipette, and replenishing with fre^ medium. 
Incubation is continued until a sufficient number or density of cells accumulate in the didL The 
original eocplanted tissue sections may be removed and the remaining cells trypsinized taing 
standard techniques or i^ing a cell server. Aftei- trypsinization, the cells are collected, removed 
to fresh medium and incubated as above. In some embodiments, the medium is changed at least 
once at approximately 24 hours post-trypsinization to remove any floating cells. The cells 
remaining in culture are considered to be PDCs. 

After culturing tiie cells or tissue fragments for a sufficient pedod of time, PDCs will 
have gi own out, either as a result of migration from the placental tissue or cell division, or both. 
In some emboditnents of the invention, PDCs are passaged, or removed to a separate culture 
vessel containing fresh medium of the same or a different type as that used initially, where the 
population of cells can be mitotically expanded. PDCs are preferably passaged up to about , 
100% confluence, more preferably about 70 to about 85% confluence. The lower limit of 
confluence for passage is understood by one skilled in the art. The cells of the invention may be 
used at any point between passage 0 and senescence. The cells preferably are passaged between 
about 3 and about 25 times, more preferably are passaged about 4 to about 12 times, and 
preferably are passaged 1 0 or 1 1 times. Cloning and/or subcloning may be perfonned to confirm 
that a clonal population of cells has been isolated. 

Cells of the invention may be cryopreserved. PDCs are preferably cryopreserved in 
cryopreservation medium, for example, culture meditim including but not limited to Growth 
medium, or cell freezing medium, for exan:q)le commercially available cell freezing medium, 
such as but not limited to C2695 (Sigma), C2639 (Sigma), or C6039 (Sigma). The 
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cryopreservation medium preferably comprises ditnetiiylsiilfoxide (DMSO), for example about 
10% (v/v). The cryopreservation medium may comprise additional cryopreservation agents 
including but not limited to metiiylcellulose and/or glycerol. The cells are preferably cooled at 
about 1 "C/min. The preferred cryopreservation temperature is about -SOT to about -180°C, 
more preferably is about ~90°C to about -160°C, and most preferably is about -125 to about - 
140°C. Cryopreserved cells pteferably are transferred to liquid nitrogen prior to thawbig for use. 
In some embodiments, for example, once the ampoules have reached about -90° C, they are 
itransferred to a liquid nitrogen storage area. Cryopreserved cells preferably are thawed at a 
temperature of about 25°C to about 40°C, more preferably about 35°C to about 39°C, and more 
preferably about 37°C. 

Characterization of PDCs 

PDCs may be characterized, for example, by growth characteristics (ag., population 
doubling capability, doubling time, passages to senescence), karyotype analysis (e.g., maternal or 
neonatal lineage), flow cytometry (e.g., FACS analysis), immunohistochemistry and/or 
immunocytodiemistry {e.g., for detection of epitopes including but not limited to vimentin, 
desmin, alpha-smooth muscle actin, cytokeratin 18, von Willebrand factor, CD34, GROalpha, 
GCP-2, oxidized low density lipoprotein receptor 1, and NOGO-A), gene expression profiling 
{e.g. , gene chip arrays; polymerase chain reaction (for example, reverse transcriptase PGR, real 
time PGR, and conventional PGR)), protein arrays, protem secretion {e.g., by plasma clotting 
assay or analysis of PDC-conditioned medium, for example, by Enzyme Linked Immunosorbent 
Assay (ELISA)), antibody analysis {e.g., ELISA, antibody staining for cell surface markers 
including but not limited to CDIO, GDIS, CD31, CD34, GD44, CD45, GD73, CDSO, CD86, 
GD90, CD117, CD141, CD178, platelet-derived growth factor receptor alpha (PDGFr-alpha), 
HLA class I antigens (HLA-A, HLA-B, HLA-G), HLA class H antigens (HLA-DP, HLA-DQ, 
HLA-DR), B7-H2, and PD-L2), mixed lymphocyte reaction {e.g., as measure of stimulation of 
allogeneic peripheral blood mononuclear cells (PBMCs), for example, allogeneic lymphocytes, 
e.g. , nafve CD4+ T cells), or otiier methods known in the art. 

The placenta-derived cells of the invention preferably are derived from human 
postpartum placenta tissue substantially free of blood. PDCs are c£q>able of self-renewal and 
expansion m culture and have the potential to differentiate into cells of another phenotype. PDGs 
require L-valine for growth. PDGs preferably are capable of growth in about 5% to about 20% 
oxygen. PDCs preferably coniprise at least one of the following characteristics: 
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(a) production of at least one of tissue factor, vimentin, granulocyte chemotactic 
protein-2 (GCP-2), and alpha-smooth muscle actin; 

(b) lack of production of at least one of GRO-alpha and oxidized low density 
lipoprotein recq)tor, as detected by flow cytometry; 

(c) production of at least one of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, 

PD-L2ai:dHLA-A,B,C; 

(d) lack of production of at least one of CDS 1, CD34, CD45, CD80, CD86, CD117, ■ 
CD141, CD178, B7-H2, HLA-G, and HLA-DP, DQ, DR, as detected by flow cytometry; 

(e) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is increased for at least one of C-type lectin 
superfamily member A2, Wihns tumor 1, aldehyde dehydrogenase 1 family member A2, renin, 
oxidized low density lipoprotein receptor 1, protein kinase C zeta, clone IMA.GE;4179671, 
hypothetical protem DKFZp564F013, downregulated in ovarian cancer 1, and clone 
DKFZp547K1113; 

(f) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is reduced for at least one of: short stature 
homeobox 2; heat shock 27kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal cell- 
derived factor 1); elastin; cDNADKFZp586M2022 (from clone DKFZp586M2022); 
mesenchyme homeobox 2; sine oculis homeobox homolog 1; ciystallin, alpha B; dishevelled 
associated activator of morphogenesds 2; DKFZP586B2420 protein; similar to neuralin 1; 
tetranectin; src homology three (SH3) and cysteine rich domain; B-cell translocation gene 1, 
anti-proliferative; cholesterol 25-hydroxylase; runt-related transcription factor 3; hypotlietical 
protein FLJ23 191; interleukin 1 1 receptor, alpha; procollagen C-eadopeptidase enhancer, 
fiizzled homolog 7; hypothetical geaie BC008967; collagen, type vm, alpha 1; tenascin C; 
iroquois homeobox protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; 
cDNA FLJ12280 fis, clone MAMMAl 001744; cytokine receptor-Hke factor 1; potassium 
intermediate/small conductance calcium-activated channel, subfamily N, member 4; integrin, 
alpha 7; DKFZP586L1 5 1 protein; transcriptional co-activator with PDZ-binding motif (TAZ); 
sine oculis homeobox homolog 2; KIAA1034 protein; early growth response 3; distal-less 
homeobox 5; hypothetical protenxFLJ20373; aldo-keto reductase family 1, member C3 (3-alpha 
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hydroxysteroid dehydrogenase, type 11); biglycan; fibronectin 1; proenkephalin; integriii, beta- 
like 1 (with EGF-hke repeat domains); cDNA clone EUROIMAGE 1968422; EphA3; 
KIAA0367 protein; natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein ELJ14054; cDNA DKFZp564B222 (firom clone 
DKFZp564B222); vesicle-associated membrane protein 5; EGF-contaioing fibulin-like 
extracellular matrix protein 1; BCL2/adenovirus ElB 191cDa interacting protein 3-]ike; AE 
binding protein 1; cytochrome c oxidase subunit Vila polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1 ; and insulin-like growth factor binding protein 2, 36kDa; 

(g) secretion of at least one of monocyte chemotactic protem 1 (MCP-1), interleukin-- 
6 (IL-6), stromal-derived factor 1 alpha (SDF-1 alpha), interleukin 8 (IL8), granulocyte 
chemotactic protein-2 (GCP-2), hepatocyte growth factor (HGF), keratinocyte growfli fector 
(KGF), heparin-binding epidermal growth factor (HB-EGF), brain-derived neurotrophic factor 
(BDNF), tissue inhibitor of matrix metalloproteiaase 1 (TIMPl), thrombopoietin (TPO), 
macrophage inflammatory protein lalpha(MIPla), Rantes (regulated on activation, normal T cell 
expressed and secreted), thymus and activation-regulated chemoldne (TARC), and Eotaxin; 

(h) lack of secretion of at least one of jSbroblast growth factor (FGF), vascular 
endothelial growtli factor (VEGF), angiopoietin 2 (AlSrG2), platelet derived growtli factor 
OPDGF-bb), transforming growth factor beta2 (TGFbeta2), macrophage inflammatory protean 
Ibeta (MlPIb), 1309, and macrophage-derived diemokine (MDC), as detected by ELISA; and 

(i) the ability to undergo at least 40 population doubhngs in culture. 

Population doubling may be calculated as [In (cell final/cell initial)/hi 2]. Doubling time 
may be calculated as (time in culture (h)/population doubling). 

In preferred embodimeaits, the cell comprises two or more of the foregoing 
characteristics. More prefestred are those cells comprising three, four, or five or more of the 
characteristics. Still more preferred are those postpartum-derived cells comprising six, seven, or 
eight or more of the characteristics. Still more preferred are those cells comprising all nine of the 
claimed characteristics. 

Also presently preferred are cells that produce at le^t two of GC3'-2, tissue factor, 
yimentin, and alpha-smooth muscle actin. More preferred are those cells producing three or four 
of the proteins GCP-2, tissue factor, vimentin, and alpha-smooth muscle actin. 
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In some embodiments, fte cells of the invention do not produce at least one of oxidized 
low density lipoprotein receptor or GRO-alpha, as detected by FACS analysis. La some 
embodiments, the cells produce neither protein as detected by FACS analysis. 

The sldlled artisan will appreciate that cell markers are subject to vary somewhat under 
vastly different growth conditions, and that generally herein described are characterizations in 
Growth Medium, or variations thereof. Postpartum-derived cells that produce of at least one, 
two, three, or four of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, andHLA-A,B,C 
are preferred. More preferred are those cells producing five, six, or seven of these cell surface 
markers. Still more preferred are postpartum-derived cells tliat can produce all eight of the 
foregoing cell surface marker proteins. 

PPDCs that lack of production of at least one, two, three, four of the proteins CD31, 
CD34, CD45, CD80, CD86, CD117, CX>141, CD178, B7-H2, HLA-G, and HLA-DR,DP,DQ, as 
detected by flow cytometry are preferred. PPDCs lacking production of at least five, six, seven 
or eight or more of these markers are preferred. More preferred aie cells which lack production 
of at least nine or ten of the cell surface markers. Most highly preferred are those cells lacking 
production of eleven, twelve, or thirteen of the foregoing identLfying proteins. 

Presently preferred cells produce each of CDIO, CD13, CD44, CD73, CD90, PDGFr- 
alpha, andHLA-A,B,C, and do not produce any of CD31, CD34, CD45, CDI17, CD141, or 
HLA-DR,DP,DQ, as detected by flow cytometry. 

It is preferred that postpartum-derived cells exhibit increased expression, relative to a 
human cell that is a fibroblast, a mesenchymal stem cell, or an ileac crest bone marrow cell, for 
at least one, two, or three of C-type lectin superfamily member A2, Wihns tumor 1, aldethyde 
dehydrogenase 1 family member A2, renin, oxidized low density lipoprotein receptor 1, protein 
Icinase C zeta, clone IMAGE:4179671, hypothetical protein DKFZp564F013, downregulated in 
ovarian cancer 1, and clone DKFZp547Kll 13. More preferred are those cells which exhibit 
increased expression for four, five, six, or seven, and still more preferred are cells capable of 
increased expression of eight, nine, or ten of the foregoing genes. 

For some embodiments, preferred are cells, which relative to a human cell that is a 
fibroblast, a mesenchymal stem cell, or an ileac crest bone marrow cell, have reduced expression 
for at least one of the genes corresponding to: short stature homeobox 2; heat shock 27kDa 
protein 2; chemokine (C-X~C motif) Hgand 12 (stromal cell-derived factor 1); elastin; cDNA 
DKFZp586M2022 (fix>m clone DKFZp586M2022); mesenchyme homeobox 2; sine oculis 
homeobox homolog 1; crj^tallin, alpha B; dishevelled associated activator of morphogenesis 2; 
DKFZP586B2420 protein; similar to neuralin 1; tetranectin; sarc homology three (SH3) and 
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cysteine rich domain; B-cell translocation gene 1, anti-proliferative; cholesterol 25-liydxoxylase; 
runt-related transcription fector 3; hypothetical protein FLJ23 191; interleuldn 1 1 receptor, alpha; 
procollagen C-endopeptidase enhancer; frizzled homolog 7; hypothetical gene BC008967; 
collagen, type VIII, alpha 1; tenasciti C; iroquois homeobox protein 5; hephaestin; integrin, beta 
8; synaptic vesicle glycoprotem 2; cDNA FLJ12280 fis, clone JV1AJV1MA1001744; cytokine 
receptor-like factor 1; potassiimi intermediate/small conductance calcium-activated channel, 
subfamily N, member 4; integrin, alpha 7; DKFZP586L151 protein; transcriptional co-activator 
with PDZ-binding motif (TAZ); sine oculis homeobox homolog 2; KIAAl 034 protein; early 
growth response 3; distal-less homeobox 5; hypothetical protein FLJ20373; aldo-keto reductase 
family 1, member C3 (3-alphahydrox3reteroid dehydrogenase, type H); biglycan; fibronectin 1; 
proenkephalin; integrin, beta-like 1 (with EGF-like repeat domains); cDNA clone EUROIMAGE 
1968422; EphA3; KIAA0367 protein; natriuretic peptide receptor CVguanylate cyclase C 
(atrionatriuretic peptide receptor C); hypothetical protein FLJ14054; cDNA DKFZp564B222 
(&om clone DKFZp564B222); vesicle-associated membrane protein 5; EGF-containing fibulia- 
like extracellular matrix protein 1; BCL2/adenovinis BIB 19kDa interacting protein 3-like; AE 
bindiag protein 1 ; cytochrome c oxidase subunit VHa polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1; and insulin-lilce growth factor bmding protein 2, 36kDa. More 
preferred are cells that have, relative to humaa fibroblasts, meseachymal stem cells, or ileac crest 
bone marrow cells, reduced expression of at least 5, 10, 15 or 20 genes corresponding to those 
listed above. Presently more pi"efeirred are cells with reduced relative expression of at least 25, 
30, or 35 of the genes corresponding to the listed sequences. Also more preferred are those 
postpartimi-derived cells having expression that is reduced, relative to that of a human fibroblast, 
a mesenchymal stem cell, or an ileac crest bone marrow cell, of genes corresponding to 35 or 
more, 40 or more, or even all of the sequences hsted. 

Secretion of certain growth factors and other cellular proteins can make cells of the 
invention particularly useful. Preferred placenta-derived cells secrete at least one, two, three, or 
four of monocyte chemotactic proteiu 1 (MCP-1), interleuldn-6 (IL-6), stromal-derived factor 
1 alpha (SDF-1 alpha), interleuldn 8 (IL8), granulocyte chemotactic protein-2 (GCP-2), 
hepatocyte growth factor (HGF), keratinocyte growth factor (KGF), heparin-binding epidennal 
growth factor (HB-EGF), brain-derived neurotrophic factor (BDNF), tissue inhibitor of matrix 
metalioproteinase 1 (TIMPl), thrombopoietin (TPO), macrophage inflammatory protein lalpha 
(MCPl a), Rantes (regulated on activation, normal T cell expressed and secreted), thymus and 
activation-regulated chemokine (TARC), and EotaxiiL Cells which secrete more than five, six, 
seven or eight of the listed proteins are also useflil and preferred. Cells which can secrete at least 
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nine, ten, eleven or more of the fectors are more preferred, as are cells which can secrete twelve 
tfairteeaa, or fourteen, or even all of the proteins in the foregoing list. 

While secretion of such factors is useful, PDCs can also be characterized by their lack of 
secretion of factors into the medium. Postpartmn-derived cells that lack secretion of at least one, 
two, three, or four of fibroblast growtix factor (FGF), vascular endothelial growth factor (VEGF), 
angiopoietin 2 (ANG2), platelet derived growth factor (PDGF-bb), transforming growth factor 
beta2 (TGFbeta2), macrophage inflammatory protein Ibeta (MlPl b), 1309, and macrophage- 
derived chemoldne (MDC), as detected by ELISA, are preferred for use. Cells that are 
characterized in their lack secretion of five, six, or seven of the foregoing proteins are more 
preferred. Cells which lack secretion of all of the factors Hsted above are also preferred. 

Examples of placenta-derived cells of the invention were deposited with the American 
Type Culture Collection (ATCC, Manassas, VA) and assigned ATCC Accession Numbers as 
follows: (1) strain designation PLA 071003 (P8) was deposited June 15, 2004 and ^signed 
Accession No. PTA-6074; (2) strain designation PLA 071003 (Pll) was deposited June 15 , 
2004 and assigned Accession No. PTA-6075; and (3) strain designation PLA 071 003 (PI 6) was 
deposited June 16, 2004 and assigned Accession No. PTA-6079. 

Examples of umbilical cord-derived cells of the invcsntion were deposited with the 
American Type Culture Collectioa (ATCC, Manassas, VA) on June 10, 2004, and assigned 
ATCC Accession Numbers as follows: (1) strain designation UMB 022803 (P7) was assigned 
Accession No. PTA-6067; and (2) strain designation UMB 022803 (P17) was assigned 
Accession No. PTA-6068. 

PDCs of the invention may be isolated. The invention provides compositions of PDCs, 
including populations of PDCs. In some anbodunents, the population is heterogeneous. A 
heterogeneous cell population of the invention may comprise at least about 5%, 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, or 95% PDCs of the invention. The heterogeneous cell 
populations of the invention may further comprise stem cells or progenitor cells. In some 
embodiments, the population is substantially homogeneous, i.e., comprises substantially only 
PPDCs (preferably at least about 96%, 97%, 98%, 99% or more PPDCs). Tlie homogeneous cell 
population of the mvention may comprise neonatal placenta-derived cells or matemal placenta- 
derived cells. Homogeneity of a cell population may be achieved by any method known in the 
art, for example, by cell sorting {e.g., flow cytometry), bead separation, or by clonal expansion. 

The cells of the invention can be induced to differentiate to cells of mesodermal, 
ectodermal, or endodermal phenotype or lineage. 
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Culture of PDCs in a Chondrogeiuc Medium 

PDCs may be induced to difietentiate into a chondrogenic lineage by subjecting them to 
differentiation-inducing cell culture conditions. In some embodiments, PDCs may be induced to 
differentiate to a chondrogenic lineage by, for example, contacting PDCs with specific 
exogenous growth factors (e.g., in culture), such as, for example, one or more of GDF-5 or 
transforming growth factor betaS (TGF-beta3), with or without ascorbate. 

Preferred chondrogenic medium is supplemented with an antibiotic agent, amino acids 
including proline and glutamine, sodium pyruvate, dexamethasone, ascorbic acid, and 
insuliD/tranferrin/selenium. Chondrogenic medium is preferably supplemented with sodium 
hydroxide and/or collagen. Most preferably, chondrogenic cultiu-e medium is supplemented with 
collagen. The cells may be cultured at high or low density. Ceils are preferably cultured in flie 
absence of serum. 

Chondrogenic diEferentiation may be assessed, for example, by Safrardn-O staining for 
glycosaminoglycan expression or hematoxylin/eosin staining. 

Culture of PDCs in an Adipogenic Medium 

PDCs may be induced to differentiate into an adipogaiic lineage phenotype by subjecting 
them to differentiation-inducing cell culture conditions. In some embodiments, PDCs are 
cultured in a dejSbied medium for inducing differentiation to an adipogenic lineage. Examples of 
adipogenic media include, but are not limited to, media contaiiung one or more glucocorticoids 
{e.g., dexamethasone, ihdomethasone, hydrocortisone, cortisone), insulin, a compound which 
elevates intracellular levels of cAMP (e.g., dibutyryl-cAMP; 8-CPT- cAMP (8- 
(4)chlorophenylthio)-adenosine, 3',5' cyclic monophosphate); 8- bromo-cAMP; dioctanoyl- 
cAMP; forskolin) and/or a compound which inhibits degradation of cAMP (e.g., a 
phosphodiesterase inhibitor such as isobutylmethylxanthine (TBMX}, methyl isobutylxantbine, 
theophylline, caffeine, indomefhacin), and serum. 

Adipogenesis may be assessed by Oil-Red-0 staining to determine tbe presence of lipid 
droplet fi>rmation or by detecting the expression of PPAR gamma or leptin. 

Culture of PDCs in an Osteogenic Medium 

PDCs may be induced to differentiate into an osteogenic lineage phenotype by subjecting 
them to differentiation-inducing cell culture conditions. In some embodiments, PDCs are 
cultured in osteogenic medium such as, but not Limited to, media ie.g.. DMEM-low glucose) 
containing about 10'^ molar and about 10"* molar dexamethasone in combination with about 10 
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micromolar to about 50 micromolar ascorbate phosphate salt (e.g., ascorbate-2-phosphate) and 
between about 10 nanomolar and about 10 millimolar beta-glycerophosphate. The medium 
preferably includes serum (e,g., bovine serum, horse serum). Osteogenic medium also may 
comprise one or more antibiotic/antimycotic agents. The osteogenic medium is preferably 
stqjplemented with transformmg growth factor-beta {e.g., TGF-betal) and/or bone morphogenic 
proteitx (e.g., BMP-2, BMP-4, or a combination thereof; most preferably BMP-4) 

Cells may be analyzed for an osteogenic phenotype by any method known in the ai-t, e.g., 
von Kossa staining or by detection of osteogenic markers such as osteocalcin, bone sialoprotein, 
or alkaline phosphatase. 

Culture of PDCs in Neurogenic Medfam 

PDCs may be induced to difiereatiate into a neural lineage phenotype by subjectii^ Ihem 
to differentiation-inducing cell culture conditions. TWs may be accomplished by one or more 
methods known in the art. For instance^ as exemplified herein, PDCs may be cultured in a 
neurogenic medimn such as a serum-free DMEM/F12 composition containing butylated 
hydroxanisole, potassium chloride, insulin, fbrskolin, valproic acid, and hydrocortisone. 

Alternatively, PDCs may be plated on flasks coated with teminin in Neurobasal-A 
medium (Invitrogen, Carlsbad, CA) containing B27 (B27 supplement, Ihvitrogen), L-glutamine 
and PenicillinyStreptomycin, the combination of which is referred to herein as Neural Progenitor 
Expansion (NPE) media. NPE media may be fiirther supplemented with bFGF and/or EGF. 

Alternatively, PDCs may be induced to differentiate in vitro by (1) co-culturing the PDCs 
with neural progenitor cells, or (2) growmg the PDCs in neural progenitor celi-conditioned 
medium. 

Differentiation of the PDCs to a neurogenic liaeage may be demonstrated by a bipolar 
cell morphology with extended processes. The iuduced cell populations may stain positive for 
the presence of nestin'. Differentiated PDCs may be assessed by detection of nestin, TuJl (BUI 
tubulin), GFAP, tyrosine hydroxylase, 04, GABA, and myelm basic protein (MBP). In some 
embodiments, PDCs have the abiUty to form three-dimensional bodies characteristic of neural 
stem ceil formation of neurospheres. 

Assessment of Dlfferentiatioii 

PDCs may be induced to difierentiate to an eotodomal, endodermal, or mesodermal 
lineage. Methods to characterize difBsrentiated cells that develop jBx>m the PDCs of the 
invention, include, 'but are not limited to, histological, morphological, biochemical and 
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iBomiraobistocliemical methods, or using cell surface markers, or gemetically or molecularly, or 
by identifying factors secreted by the differentiated cell, and by the inductive qualities of the 
differentiated PDCs. 

Methods of using PDCs or components or products thereof 

' Genetic Engineering of PDCs 

The cells of the iavention can be engineered to express a therapeutic protein using any of 
a variety of vectors including, but not limited to, integrating viral vectors, e.g., retrovirus vector 
or adeno-associated viral vectors; non-integrating replicating vectors, e.g., papilloma virus 
vectors, SV40 vectons, adenoviral vectors; or replication-defective viral vectors. Other methods 
of introducing DHA into cells include the use of liposomes, electroporation, a particle gun, or by 
direct DNA injection. 

Hosts cells are preferably transformed or transfected with DNA controlled by or in 
operative association with, one or more appropriate expression control elements such as 
promoter or enhancer sequences, transcription terminators, polyadenylation sites, among others, 
and a selectable marker. 

Following the introduction of the foreign DNA, engineered cells may be allowed to grow 
in enriched media and then switched to selective media. The selectable marker in the foreign 
DNA confers resistance to the selection and allows cells to stably integrate the foreign DNA as, 
for example, on a plasmid, into their chiomosojnes and grow to form foci which, in turn, can be 
cloned and expanded into cell lines. 

This method can be advantageously used to engmeer cell lines which express the gene 
product. 

Any promoter may be used to drive the expression of the inserted gene. For example, 
viral promoters iaclude, but are not limited to, the CMV promoter/enliancer, SV40, 
papillomavirus, Epstein-Barr virus or elastin gene promoter. Preferably, the control elements 
used to 'control expression of the gene of interest should allow for the regulated expression of the 
gene so that the product is synthesized only when needed in vivo. If transient expression is 
desired, constitutive promoters are preferably used in a non-integrating and/or replication- 
defective vector. Alternatively, inducible promoters could be used to drive the expression of the 
inserted gene when necessary. 

Inducible promoters include, but are not limited to, those ^sociated with metallotfaionein 
and heat shock proteins. 
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Examples of transcriptional control regions that exhifait tissue specificity which have 
been described and could be used include but are not limited to: elastase I gene control region, 
which is active in pancreatic acinar cells (Swit et al., 1984, Cell 38:639; Omitz et al, 1986, Cold 
Spring Harbor Sytnp. Quant. Biol. 50:399; MacDonald, 1987, Hepatology 7:425); insulin gene 
control region, which is active in pancreatic beta cells {Hanahan, 1985, Nature 315:115); myelin 
basic protein gene control region, which is active in oligodendrocyte cells in tlie brain (Readhead 
ei al., 1987, Cell 48:703); myosin light chaia-2 gene conlrol region, which is active in skeletal 
muscle (Shani, 1985, Nature 314:283); and gonadotropic releasing homone gene control region, 
which is active in the hypothalamus (Mason et al, 1986, Science 234: 1372). 

The cells of the invention may be genetically engineered to "knock out" or "knock down" 
expression of factors that promote inflammation or rejection at the implant site. Negative 
modulatory techniques for tiie reduction of target gene expression levels or target gene product 
activity levels are discussed below. "Negative modulation," as used herein, refers to a reduction 
in the level and/or activity of target gene product relative to the level and/or activity of the target 
gene product in. the absence of the modulatory treatment. The expression of a gene native to a 
cell can be reduced or knocked out using a number of techniques including, for example, 
inhibition of expression by inactivating the gene completely (commonly termed "knockout") 
using the homologous recombination technique. Usually, an exon encoding an important region 
of the protein (or an exoii 5' to that region) is interrupted by a positive selectable marker, e.g., 
neo, preventing the production of normal mRNA from the target gene and resulting in 
inactivation of the gene. A gene may also be inactivated by creating a deletion in part of a gene 
or by deleting the entire gene. By using a construct with two regions of homology to the target 
gene that are far apart in the genome, ttie sequences intervening the two regions can be deleted , 
(Mombaerts et al, 1991, Proc. Nat. Acad. Sci. U.S.A. 88:3084), 

Antisense, DNAzymes, small interfering RNA, and ribozyme molecules which inhibit 
expression of the target gene can also be used in accordance with the invention to reduce the 
level of target gene activity. For example, antisense RNA molecules which inhibit the expression 
of major histocompatibility' gene complexes (HLA) have been shown to be most versatile with 
respect to immune responses. Still flirther, triple helix molecules can be utilized in reducing the 
level of target gene activity. 

These techniques are described in detail by L.G. Davis et al. (eds), 1994, BASIC 
IvtemoDS IN Molecular Biology, 2nd ed., Appleton & Lange, Norwalk, Conn., which is 
incorporated hereiu by reference. 

- 30 - 



wo 2005/001076 PCT/US2004/020816 

Using any of the foregoing techniques, for example, the expression of IL-1 can be 
knocked out or knocked down in the cells of the invention to reduce the production of 
inflammatory mediators by the cells of tiie invention. Likewise, the expression of MHC class n 
molecules can be knocked out or knocked down in order to reduce the risk of rej ection of the 
implanted tissue. 

Once the cells of the invention have been genetically engineered, they may be directly 
implanted into the patient. 

Alternatively, the genetically eiagineered cells may be used to produce new tissue in vitro, 
wliich is then implanted in the subject 

Secretion of Trophic Factors byPDCs 

The secretion of growth factors by PDCs may provide trophic support for a second cell 
type in vitro ox in vivo. PDCs may secrete, for example, interleukin 8 (IL8), tissue factor, 
hepatocyte growth factor (HGF), monocyte chemotactic protein 1 (MCP-1), keratinocyte growth 
factor (KGF), tissue inhibitor of matrix metalloproteinase 1 (TrMPl), thrombopoietin (TPO), 
heparin-binding epidermal growth factor (HB-EGF), stromal-derived factor 1 alpha (SDF- 
1 alpha), brain-derived neurotrophic factor (BDNF), interleukin-6 QL-6), granulocyte 
chemotactic protein-2 (GCP-2), macrophage inQairanatoTy protein 1 alpha (MlPla), monocyte 
chemoattractant-1 (MCP-1), Rantes (regulated on activation, normal T cell expressed and 
secreted), thymus and activation-regulated chemokine (TARC), Eotaxin, NGF, NT-3, IL-7, IL-I, 
SCF, AMPS, or Cystatin-C in substantially homogeneous populations of cells, which can be 
augmesuted by a variety of techniques, including ex vivo cultivation of the cells in chemically 
defined medium. 

Eft some aspects of the invention, a population of PDCs supports the siirvival, 
proliferation, growth, maintenance, maturation, differentiation, or increased activity of cells 
including stem cells, such as neural stem cells (NSC), hematopoietic stem cells (HPC, 
particularly CD34+ stem cells), embryonic stem cells (ESC), and mixtures thereof. In other , 
embodiments, the population supported by the PDCs is substantially homogeneous, substantially 
homogeneous, i.e., comprises substantially only PDCs (prefa-ably at least about 96%, 97%, 98%, 
99% or more PDCs). 

Conditioned medium of PDCs 

Another embodiment of the invention features use of PDCs for production of conditioned 
medium, either from undifferentiated PDCs or from PDCs incubated under conditions that 
stimulate differentiation into a given lineage. Such conditioned media are contemplated for use 
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in in vitro or ex vivo culture of cells, for example, st^ or progenitor cells, or for use in vivo, for 
example, to support transplanted cells {e.g., homogeneous or heterogeneous populations of 
PDCs). 

Co-cultures ofmCs with Other Cell Types 

PDCs have the ability to support survival, growth, and differentiation of other cell types 
in co-cultui-e. Accordingly, in another embodiment^ PDCs ai-e co-cultured in vitro to provide 
trophic support to other cells. For co-culture, it may he desirable for the PDCs and die desired 
other cells to be co-cultured under conditions in which the two cell types are in contact. This can 
be achieved, for example, by seeding the cells as a heterogeneous population of cells in culture 
medium or onto a suitable culture substrate. Alternatively, the PDCs can first be grown to 
. confluence and employed as a substrate for the second desired ceU type in culture. In this latter 
embodiment, die cells may fiirther be physically separated, e.g., by a membrane or similar 
device, such that tlie other cell type may be removed and used separately following the co- 
culture period. Use of PDCs in co-culture to promote e3q)ansion and differentiation of other cell 
types may find applicability in research and in clinical/therapeutic areas. For instance, PDC co- 
culture may be utilized to facilitate growth and differentiation of cells of a given phenotype in 
culture, for basic research purposes or for use in drug screening assays, for exaoiple. PDC co- 
culture may also be utilized for ex vivo expansion of cells of a given phenotype for later 
administration for therapeutic purposes. For example, cells may be harvested from an individual, 
expanded ex vivo in co-culture wilii PDCs, then returned to that individual (autologous transfer) 
or another individual (syngeneic or allogeneic transfer), ha these embodiments, it will be 
appreciated that, following ex vivo expansion, the mixed population of cells comprising the 
PDCs could be administered to a patient in need of treatment. Alternatively, in situations ^wdiere 
autologous transfer is appropriate or desirable, the co-cultured cell populations may be 
physically separated in culture, enabling removal of flie autologous cells for administration to the 
patient. 

Cell Therapy 

As demonstrated herein, PDCs have been shown to be effectively transplanted into tlie 
body and to supply lost function m animal models accepted for predictability of efficacy in 
humans. These results support a preferred embodiment of the invention, wherein PDCs are used 
in cell therapy for treating a condition, injury, or disease. For example, PDCs of the invention 
may be used to treat patients requiring the repair or replacement of a tissue or organ resulting 
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from disease or trauma or failure of the tissue to develop normally, or to provide a cosmetic 
function, such as to augment features of the body. Once transplanted into a target location in the 
body, PDCs may tliemselves differentiate into one or more phenotypes, or they may provide 
trophic support for other cell types in vivo, or they may exert a beneficial effect in both of those 
f^hions, among others. '' 

PDCs may be administered alone (e,g., as substantially homogeneous populations) or as 
admixtures with other cells. PDCs may be administered as formulated in a pharmaceutical 
preparation with a matrix, or with conventional phatmaceutically acceptable carriers. Where 
PDCs are administered with other cells, tiiey may be administered simultaneously or sequentially 
with the other cells (either before or after the other cells). Cells that may be administered in 
conjunction with PDCs include, but are not Umited to, other muMpotent or pluiipotent cells. The 
cells of different types may be admixed with the PDCs inrniediately or shortly prior to 
administration, or they may be co-cultured together for a period of time prior to administration. 

PDCs may be administered with other beneficial drugs or biological molecules (growth 
factors, trophic factors). When PDCs are administered with other agents, they may be 
■ administered together in a single pharoaaceuticai composition, or in separate pharmaceutical 
compositions, simultaneously or sequentially with tiie other bioactive factors (either before or 
after administration of the other agents). Examples of bioactive factors include anti-apoptotic 
agents (e.g., EPO, EPO mimetibody, TPO, IGF-I and IGF-II, HGF, caspase inhibitors); anti- 
inflammatory agents (e.g., p38 MAPK inhibitors, TGF-beta inhibitors, statins, lL-6 and IL-1 
inhibitors, PBMIROLAST, TRAMLAST, REMICADE, SIROLIMUS, andNSAIDs (non- 
steroidal anti-inflammatory drugs; e.g., TEPOXALIN, TOLMETIN, SUPROFEN); 
immunosupressive/immunomodulatory agents (e.g., calcineurin inhibitors, such as cyclosporine, 
tacrolimus; mTOR inhibitors (e.g., SIROLIMUS, EVEROLIMUS); anti-prohferatives (e.g., 
azathioprine, mycophenolate mofetil); corticosteroids (e.g., prednisolone, hydrocortisone); 
antibodies such as monoclonal anti-IL-2Ralpha receptor antibodies (e.g., basiHximab, 
daclizumab), polyclonal aiiti-T-cell antibodies (e.g., anti-thymocyte globulin (ATG); anti- 
lymphocyte globulin (ALG); monoclonal anti~T coll antibody 0KT3)); anti-fhrombogenic agents 
(e.g., heparin, heparin derivatives, urokinase, PPack (dextrophenylalanine proline arginine 
chloromethyllcetone), aiitithronibin compounds, platelet receptor antagonists, anti-thrombin 
antibodies, anti-platelet receptor antibodies, aspirin, dipyridamole, protamine, hirudin, 
prostaglandin inhibitors, and platelet inhibitors); and anti-oxidants (e.g., probucol, vitamin A, 
ascorbic acid, tocopherol, coenzyme Q-10, glutathione, L-cysteine, N-aoetylcysteuie). Drugs 
which may be co-administered include local anesthetics. As another example, the cells may be 



-33 - 



wo 2005/001076 PCT/US2004/020816 

co-administered with scar inhibitory factor as described in U.S. Patent No. 5,827,735, 
incorporated herein by reference. 

Ih one embodiment, PDCs are administered as imdifferentiated cells, i.e., as cultured in 
Growth Medium. Alternatively, PDCs may be administered following e^qposure in culture to 
conditions that stimulate differentiation toward a desired phenotype. 

The cells of the invention may be surgically implanted, injected, delivered (e.g., by way 
of a catheter or syringe), or otherwise administered directly or indirectly to the site in need of 
repair or augmentation. Routes of administration of the cells of the invention or compositions 
thereof include, but are not hmited to, oral, nasal, intraarterial, pai-enteral, intravenous, 
ophthalmic, uitramuscular, subcutaneous, intraperitoneal, intracerebral, intravenhicular, 
intracerebroventricular, intrathecal, iutracistemal, intraspinal and/or peri-spinal routes of 
administration by delivery via intracranial or intravertebral needles aad/or catheters with or 
without pump devices. 

"When cells are administered in serai-solid or solid devices, surgical implantation into a 
precise location in the body is typically a suitable means of adrninistration. Liquid or fluid 
phannaceutical compositions, however, may be administered to a more general location {e.g., 
throughout a diffusely affected area, for example), from which they migrate to a particidar 
location, e.g. , by respondiag to chemical signals . 

Other embodiments encompass methods of treatment by administering pharmaceutical 
compositions comprising PDC cellular components (e.g., cell lysates or components thereof) or 
products {e.g., extracellular matrix, trophic and other biological factors produced naturally by 
PDCs or through genetic modification, conditioned medium firom PDC culture). Again, these 
methods may further comprise administering bioactive factors, such as anti-apoptotic agents 
(e.g., EPO, EPO mimetibody, TPO, IGF-I and IGF-H, HGF, caspase inhibitors); anti- 
inflammatory agents (e.g., p38 MAPK inhibitors, TGF-beta inhibitors, statins, rL-6 and IL-1 
mhibitors, PEMIROLAST, TRANILAST, REMICADE, SIROLIMUS, andNSAIDs (non- 
steroidal anti-inflaimnatory drugs; e.g., TEPOXALIN, TOLMETIN, SUPROFEN); 
immunosupressive/immunomodulatory agents (e.g., calcmeurin inhibitors, such as cyclosporine, 
tacroluniis; mTOR mhibitors (e.g., SIROLIMUS, EVEROLIMUS); anti-proliferatives (e.g., 
azathioprine, mycophenolate mofetil); corticosteroids (e.g., prednisolone, hydrocortisone); 
antibodies such as monoclonal anti"IL-2Ralpha receptor antibodies (e.g., basiliximab, 
daclizumab), polyclonal anti-T-cell antibodies (e.g., anti-thymocyte globulin (ATG); anti- 
lymphocyte globulin (ALG); monoclonal anti-T cell antibody 0KT3)); anti-thrombogenic agents 
(e.g., heparin, heparin derivatives, urokinase, PPack (dextrophenylalanine proline argmine 
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chloromethylketone), antithrombin compounds, platelet receptor antagonists, aati-throrhbin 
antibodies, anti-platelet receptor antibodies, aspirin, dipyridamole, protamine, hirudin, 
prostaglandin inhibitors, and platelet inhibitors); and anti-oxidants (e.g., probucol, vitatnin A, 
ascorbic acid, tocopherol, coenzyme Q- 1 0, glutathione, L-cysteine, N-acetylcysteine), local 
anesthetics, and scar inliibitory fector as described in U.S. Patent No. 5,827,735, incoiporated 
herein by reference. 

Dosage forms and regimes for administering PDCs or any of the other pharmaceutical 
compositions described herein axe developed in accordance with good medical practice, taking 
into account the condition of the individual patient, e.g., nature and extent of the condition being 
treated, age, sex, body weight and general medical condition, and other factors Itnown to medical 
practitioners. Thus, the effective amount of a pharmaceutical composition to be administered to 
a patient is determined by these considerations as known in tiie art. 

In some embodiments of the invention, it may not be necessary or -desirable to 
immunosuppress a patient prior to initiation of cell therapy with PDCs. In addition, PDCs have 
been shown not to stimulate allogeneic PBMCs (for example^ allogeneic lymphocytes, e.g., naive 
CD4+ T cells) in a mixed lymphocyte reaction. Accordingly, transplantation with allogeneic, or 
even xenogeneic, PDCs may be tolerated in some instances. 

However, in other instances it may be desirable or appropriate to pharmacologically 
immunosuppress a patient prior to initiating cell therapy. This may be accomplished through the 
use of systemic or local immunosuppressive agents, or it may be accomplished by delivering the 
cells in an encapsulated device. PDCs may be encapsulated in a capsule that is penneable to 
nutrients and oxygen required by the cell and therapeutic factors the cell is yet impermeable to 
immune hiunoral factors and cells. Preferably the encapsulant is hypoallergenic, is easily and 
stably situated in a target tissue, and provides added protection to the implanted structure. These 
and other means for reducuig or eliminating an immune response to the transplanted cells are 
known hi the art. As an alternative, PDCs may be genetically modified to reduce their 
immunogenicity. 

Survival of transplanted PDCs in a living patient can be determined through the x^e of a 
variety of scanning techniques, e.g., computerized axial tomography (CAT or CT) scan, 
magnetic resonance imaging (MKI) or positron emission tomography (PET) scans. 
Determination of transplant survival can also be done post mortem by removing flhe target tissue, 
and examining it visually or through a microscope. Alternatively, cells can be ti:eated with stains 
that are specific for cells of a specific lineage. Transplanted cells can also be identified by prior 
incorporation of tracer dyes such as rfiodamine- or fluorescein-labeled microspheres, fast blue. 
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bisbenzamide, ferric microparticles, or genetically introduced reporter gene ptoducts, such as 
beta-galactosidase or beta-glucuronidase. 

Functional integration of transplanted PDCs into a subject can be assessed by examining 
restoration of the function that was damaged or diseased or augmentation of fimction. 

Compositions attd pharmaceutical compositions 

Compositions of PDCs and related products (e.g., extracellular matrix, lysate, cell lysate, 
conditioned medium), including for example pharmaceutical compositions, are included within 
the scope of the inventiorL Conapositions of the invention may include one or more bioactive 
factors, for example but not limited to a growth factor, a differentiation-inducing factor, a cell 
survival fector such as caspase inhibitor, an anti-inflammatory agent such as p38 kinase 
inhibitor, or an angiogenic fector such as VEGF or bFGF. Some examples of bioactive fiactors 
include PDGF-bb, EGF, FGF, IGF, and LIF. In some embodiments, undifferentiated or 
differentiation-induced PDCs are cultured in contact with the bioactive fector. hi some 
embodiments, undifferentiated PDCs remain undififerentiated upon contact with the bioactive 
factor. In other embodiments, the bioactive factor induces differentiation of the PDCs. 

Pharmaceutical compositions of the invention may comprise homogeneous or • 
hetereogeneous populations of differentiated and/or undifferentiated PDCs, cultures thereof, cell 
lysates thereof, extracellular matrix produced tliereby, or conditioned medium derived therefiom 
in a phannaceutically acceptable carrier. 

Phannaceutically acceptable carriers for the cells of the invention include organic or 
inorganic carrier substances which do not deleteriously react with the cells of tlie invention or 
compositions or components thereof. To the extent they are biocompatible, smtable 
pharmaceutically acceptable carriers include water, salt solution (such as Ringer's solution), 
alcohols, oils, gelatins, and carbohydrates, such as lactose, amylose, or starch, fatty acid esters, 
hydroxymethylcellulose, and polyvinyl pyrohdine. Such preparations can be sterilized, and if 
desired, mixed with auxiliary agents such as lubricants, preservatives, stabilizers, wetting agents, 
emulsifiers' salts for mfiumcing osmotic pressure, buffers, and coloring. Pharmaceutical carriers 
suitable for use in the preseait invention are known m the art and are described, for example, in 
Pharmaceutical Sciences (17*^ Ed., Mack Pub. Co., Easton, PA) and WO 96/05309, each of 
which are incorporated by reference herein. 

The dosage (ag., number of cells to be administered) and frequency of administeation 
will depend upon a number of factors, including but not limited to, the nature of the condition to 
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be treated, the extent of the symptoms of the condition, characteristics of the patient (e.g., age, 
size, gender, health). 



Use ofPDCsfor Transplantation 

The treatment metJiods of the subject invention mvolves the implantation of PDCs into 
individuals in need thereof. The cells of the present invention may be dehvered to the site of 
therapeutic need or "home" to the site. 

The cells of the present invention may dijEferentiate in vivo or provide trophic support to 
endogenous cells. The s^jpropriate cell implantation dosage in humans can be determined fiom 
existing information relating to, e.g., the activity of the cells. From in vitro culture and in vivo 
animal experiments, the amount of factors produced can be quantitated. This information is also 
useful in calculating an appropriate dosage of implanted material. Additionally, the patient can 
be monitored to determine if additional implantation can be made or implanted material reduced ! 
accordingly. 

To enhance vascularization and survival of tiie transplanted cells, angiogenic factors such 
as VEGF, PDGF or bFGF can be added either alone or in combination with endothelial cells or 
theirprecursors including CD34+,CD34+/CD117+ cells. ! 

One or more other components may be added to ti ansplanted cells, including selected 
extracellular matrix components, such as one or more types of collagen known in the art, and/or 
growth factors, platelet-rich plasma, and drugs. Alternatively, the cells of the invention may be 
genetically engineered to express and produce growth factors. Bioactive factors which may be 
usefully incorporated into the cell formulation include anti-apoptotic agents (e.g., EPO, EPO 
mimetibody, TPO, IGF-I and IGF-II, HGF, caspase inhibitors); anti-inflammatory agents (e.g., 
p38 MAPK inhibitors, TGF-beta inhibitors, statins, IL-6 and IL-1 inliibitors, PEMIROLAST, 
TRAMLAST, REMICADE, SIROLIMUS, andNSAIDs (non-steroidal anti-inflammatory drugs; 
e.g., TEPOXALIN, TOLMETIN, SUPROFEN); immunosupressive/immunomodulatoiy agents 
(e.g., calcineurin inhibitors, such as cyclosporine, tacrolimus; mTOR inhibitors (e.g., 
SIROLIMUS, EVEROLIMUS); anti-proliferatives (e.g., azathioprine, mycophenolate mofetil); 
corticosteroids (e.g., prednisolone, hydrocortisone); antibo<iies such as monoclonal anti-IL- 
2RaIpha receptor antibodies (e.g., basiiiximab, daclizumab), polyclonal anti-T-cell antibodies 
(e.g., anti-fhymocyte globulin (ATG); anti-lymphocyte globulin (ALG); monoclonal anti-T cell 
antibody 0KT3)); anti-thrombogenic agents (e.g., heparin, heparin derivatives, uroldnase, PPadk 
(dextrophenylalanine proline arginine chloromethyDcetone), antithrombin compounds, platelet 
receptor antagonists, anti-thrombin antibodies, anti-platelet receptor antibodies, aspirin, 

-37- 



wo 2005/001076 PCTAJS2004/020816 

dipyridamole, protamine, bimdio, prost^landiti inhibitors, and platelet inhibitors); and anti- 
oxidants (e.g., probiacol, vitamia A, ascorbic acid, tocopherol, coenzyme Q-10, glutathione, L- 
cysteine, N-acetylcysteine) as well as local anesthetics. As anotiier example, the cells may be co- 
administered with scar inhibitory factor as described ia U.S. Patent No. 5,827,735, incorporated 
herein by reference. 

Formulation ofPDCs for Transplantation 

In a non-limiting embodiment, a formulation cdmprisiag the cells of the invention is 
prepared for injection directly to the site where the production of new tissue is desired. For 
example, and not by way of limitation, the cells of the invention may be suspended in a hydrogel 
solution for injection. Examples of suitable hydrogels for use in the invention include self- 
assembling peptides, such as RAD16. Alternatively, the hydrogel solution containing the cells 
may be allowed to harden, for instance in a mold, to form a matrix having cells dispersed therein 
prior to implantation. Or, once the matrix has hardened, liie cell formations may be cultured so 
that the ceUs are mitotically ejqpanded prior to implantation. The hydrogel is an organic polymer 
(natural or synthetic) vrfhich is cross-linlced via covalent, ionic, or hydrogen bonds to create a 
three-dimensional open-lattice structure which entraps water molecules to form a gel. Examples 
of materials wMch can be used to form a hydrogel include polysaccharides such as alginate and 
salts thereof peptides, polyphosphazines, and poiyacrylates, which are crosslinked ionically, or 
block polymers such as polyethylene oxide-polypropylene glycol block copolymers which are 
ax)sslinked by temperature or pHt respectively. In some embodiments, the support for the PDCs 
of the invention is biodegradable. 

In some embodiments of the invention, the formulation comprises an in situ 
poiymerizable gel, as described, for example, in U.S. Patent Application Publication 
2002/0022676; Anseth et al, J. Control Release, 78(1 -3): 199-209 (2002); Wang et al, 
Bxomaterials, 24(22):3969-80 (2003). 

In some embodiments, the polymers axe at least partially soluble in aqueous solutions, 
such as water, buffered salt solutions, or aqueous alcohol solutions, that have charged side 
groups, or a monovalent ionic salt thereof. Examples of polymers with acidic side groups that 
can be reacted with cations are poly(phosphazenes), poly(acryHc acids), poly(methacryUc acids), 
copolymers of acrylic acid andmethacryHc acid, poly(vinyl acetate), and sulfonated polymers, 
such as sulfonated polystyrene. Copolymers having acidic side groups formed by reaction of 
acrylic or methacrylic acid and vinyl ether monomers or polymos can also be used. Examples of 
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acidic groups are carboxylic acid groups, sulfonic acid groups, halogenated preferably 
fluorinated) alcohol groups, phenolic OH groups, and acidic OH groups. 

Examples of polymers with basic side groups that can be reacted with anions are 
poly(vinyl amines), poly(viQyl pyridine), p6ly(vinyl imidazole), and some imiao substituted 
polyphosphazenes. The ammonium or quaternary salt of the polymers can also be formed from 
fhebacicbone nitrogens or pendant imino groups. Examples of basic side groups are amino and 
iraino groups. 

Alginate can be ionically cross-linked with divalent cations, in water, at room 
temperature, to form a hydrogel matrix. Due to these mild conditions, alginate has been the most 
commonly used polymer for hybridoma cell encapsulation, as described, for example, in U.S. 
Patent No. 4,352,883 to Lira. In the Lim process, an aqueous solution containing the biological 
materials to be encapsulated is suspended in a solution of a water soluble polymer, the 
suspension is formed hito droplets which are configured into discrete naicrooapsules by contact 
with multivalent cations, then the surfece of the microcapsules is crossHnked with polyamino 
acids to form a semipermeaijle membrane around the encapsulated materials. 

Polyphosphazenes are polymers with backbones consisting of nitrogen and phosphorous 
separated by alternating single and double bonds. Each phosphorous atom is covalently bonded 
to two side chains. 

The polyphosphazenes suitable for cross-Hnkmg have a majority of side chain groups 
which are acidic and capable of forming salt bridges with di- or trivalent cations. Examples of 
prefeired acidic side groups are carboxylic acid groups and sulfonic acid groups. Hydrolytically 
stable polyphosphazenes are formed of monomer having carboxylic acid side groups that are 
crossUnked by divalent or trivalent cations such as Ca^'*' or Al^^. Polymers can be synthesKed 
that degrade by hydrolysis by incorporating monomers having imidazole, amino acid ester, or 
glycerol side groups. For example, apolyamonic poly[bis(carboxylatophenoxy)]phosphazene 
(PCPP) can be synthesized, which is cross-litiked with dissolved multivalent cations in aqueous 
media at room temperature or below to form hydrogel matrices. 

Biodegradable polj^hosphazenes have at least two differing types of side chains, acidic 
side groups capable of forming salt bridges with multivalent cations, and side groups that 
hydrolyze under in vivo conditions, e.g., imidazole groups, amino acid esters, glycerol and 
glucosyl. 

Hydrolysis of the side chain results in erosion of the polymer. Examples of hydrolyzing 
side chains are unsubstituted and substituted imidizoles and amino acid esters in which the groiq? 
is bonded to the phosphorous atom through an amino linltage (polyphosphazeaie polymers in 
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which both R groups are attached ia this maimer are known as polyarainophosphazenes). For 
polyimidazolephosphazenes, some of the "K" groups on the polyphospbazene backbone are 
imidazole rings, attached to phosphorous in the backbone throu^ a ring nitrogen atom. Other 
"R" groups can be organic residues that do not participate in hydrolysis, such as methyl phenoxy 
groixps or other groups shown in the scientific paper of Allcock, et al, Macromolecule 10:824 
(1977). Methods of synthesis of the hydrogel materials, as well as methods for preparing such 
hydiogels, are known in the art. 

Other components may also be included in the formulation, including but not limited to 
any of the following: (1) buffers to provide appropriate pH and isotonicity; (2) lubricants; (3) 
viscous materials to retain the cells at or near the site of administration, including, for example, 
alginates, agars and plant gums; and (4) odier cell types diat may produce a desired effect at the 
site of administration, such as, for example, enhancement or modification of the formation of 
tissue or its physicochemical characteristics, or is support for the viability of the cells, or 
inhibition of inflammation or rejection. The cells may be covered by an appropriate wound 
covering to prevent cells ftom leaving the site. Such wound coverings are known as those of skill 
in the art 

Transplantation ofPDCs using Scaffolds 

The cells of the invention or co-cultures thereof may be seeded onto a three-dimaisional 
firamewoflc or scaffold and implanted in vivo, where the seeded cells will proliferate on the 
surfece of the ftamework and form a replacement tissue in vivo in cooperation witli the cells of 
the subject. Such a framework can be implanted in combination with any one or more growth 
fectors, cells, drugs or other components described above that stmiulate tissue formation or 
otherwise enhance or improve the practice of the invention. 

The cells of the invention can be used to produce new tissue /« vitro, which can then be 
implanted, transplanted or otherwise inserted into a site requning tissue repair, replacement or 
augmentation in a subject. 

In a non-limiting embodiment, the cells of the invention are used to produce a dure©- 
dimensional tissue construct in vitro, which is then implanted in vivo. As an example of the 
production of three-dimensional tissue constructs, see U.S. Patent No. 4,963,489, which is 
incorporated herein by reference. For example, the ceils of the invention may be moculated or 
"seeded" onto a three-dimensional fiamework or scaffold, and proliferated or grown in vitro to 
form a living tissue that can be implanted in vivo. 
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The cells of the inventioii can be grown freely in a culture vessel to sub-confluency or 
confluency, lifted from the culture and inoculated onto a three-dimensioinal framework. 
Inoculation of the three-dimensional framework with a high concentratiQn of cells, e. g., 
approximately 10^ to 10® cells per milliliter, will result in tiie establishment of the three- 
dimensional support in relatively shorter periods of time. 

Examples of scaffolds which may be used in the present invention include nonwoven 
mats, porous foams, or self assembling peptides. Monwoven mats may, for example, be formed 
using fibers comprised of a synthetic absorbable copolymer of glycolic and lactic acids 
(PGA/PLA), sold under the tradename VICRYL (Ethicon, Inc., Somerville, NJ), Foams, 
composed of, for example, poly(epsilon-caprolactone)/poly(glycoUc acid) (PCL/PGA) 
copolymer, formed by processes such as freeze-drying, or lyophilized, as discussed in U.S. 
Patent No. 6,355,699, are also possible scaffolds. Hydrogels such as self-assembling peptides 
(e.g., RAD16) may also be used. These materials are frequently used as supports for growth of 
tissue. 

The three-dimensional framework also may be made of ceramic materials including, but 
not limited to: mono-, di-, tri-, alpha-tri-, beta-tri-, and tetra-calciura phosphate, hydroxyapatite, 
fluoroapatites, calcium sulfates, calcium fluorides, calcium oxides, calcium carbonates, 
magnesium calcium phosphates, biologically active glasses such as BIOGLASS (University of 
Florida, Gainesville, FL), and mixtures thereof There are a number of suitable porous 
biocompatible ceramic materials currently available on the commercial market such as 
SURGIBON (Unilab Surgibone, Inc., Canada), ENDOBON (Merck Biomaterial France, France), 
CEROS (Mathys, A. G., Bettlach, Switzerland), andlNTERPORE (hiterpore, Irvine, CA, United 
States), and mineralized collagen bone grafting products such as HEALOS (Orquest, Inc., 
Mountain View, CA) and VTTOSS, RHAKOSS, and CORTOSS (Orthovita, Malvern, PA). The 
framework may be a mixture, blend or composite of natural and/or synthetic materials. 

According to a preferred embodiment, the framework is a felt, which can be composed of 
a multifilament yam made from a bioabsorbable material, e.g., PGA, PLA, PCL copolymers or 
blends, or hyaluronic acid. The yam is made into a felt using standard textile processing ■ 
techniques consisting of crimping, cuttmg, carding and needling. 

In anotlier preferred embodiment the cells of the invention are seeded onto foam 
scaffolds that may be composite structures. In addition, the three-dimensional framework may be 
molded into a useful shape, such as that of the external portion of the ear, or other specific 
structure in liie body to be repaired, replaced or augmented. 
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In some embodiments, the framework is treated prior to inoculation of the cells of the 
invention in order to echance cell attachment. For example, prior to inoculation with the cells of 
the invention, nylon matrices could be treated with 0.1 molar acetic acid and incubated in 
polylysine, PBS, and/or collagen to coat the nylon. Polystyrene could be similarly treated using 
sulfuric acid. 

The external surfaces of the three-dimensional framework may be modified to improve 
the attachment or growth of cells and differentiation of tissue^, such as by plasma coating the 
firamework or addition of one or more proteins {e.g., collageos, elastic fibers, reticular fibers), 
glycoproteins, glycosaminoglycans {e.g., heparin s\jlfate, chondroitin-4-sulfate, chondroitin-6- 
sulfate, dermatan sulfate, keratin sulfete), a cellular matrix, and/or otlier materials such as, but 
not limited to, gelatin, alginates, agar, agarose, and plant ^nns, among others. 

In some embodiments, the scaffold is comprised of or is treated with materials that render 
it non-thrombogenic. These treatments and materials may also promote and sustain endothelial 
growth, migration, and extracellular matrix depositionu Examples of these materials and 
treatments include but are not limited to natural materials such as basement membrane proteins 
such as laminin and Type IV collagen, synthetic materials such as ePTFE, and segmented 
polyurethaneurea silicones, such as FURSPAN (The Polymer Technology Group, Inc., Berkeley, 
CA). These materials can be further treated to render the scaffold non-thrombogenic. Such 
treatments include anti-thrombotic agents such as heparin, and treatments which alter the surface 
charge of the material such as plasma coating. 

In some aspects of the invention, it is important to re-create in culture the cellular 
microenviromnent found in vivo, such that the extent to which the cells of the invention are 
grown prior to itnpladitation iji vivo or use in vitro may vary. In addition, growth factors may be 
added to the culture medium prior to, during, or subsequent to inoculation of the cells to trigger 
differentiation ^d tissue formation by the PDCs, 

The three-dimensional framework may be modified so that the growth of cells and tide 
production of tissue thereon is enhanced, or so that the risk of rejection of the implant is reduced. 
Thus, one or more biologically active compounds, includuig, but not limited to, anti- 
inflammatories, immunosuppressants or growth factoi-s, may be added to the fi'amework. 

Therapeutic Uses for Extracellular Matrix and Cell lysates Derived From PDCs 
As an alternative to unplanting the cells of the invention, or living tissue produced 
therefrom, a subject in need of tissue repair, replacement, or augmentation may benefit fi-om the 
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adanmistration of a oamponent or product of PDCs, such as the extraoelluJar matrix (ECM) or 
ceU lysate pro duced by those cells. 

In some embodiments, after the cells of the invention have been cultured in vitro^ such as, 
for example, by using a three-dimensional scaffold system described herein, such that a desired 
amount of BCM has been secreted onto the framework. Once ECM is secreted, onto the 
framework, the cells may be removed. The ECM may be processed for fiirther use, for efxample, 
as an injectable preparation. 

In some embodiments, the cells are killed and cellular debris {e.g., cellular membranes) is 
removed from the framework. This process may be carried out in a number of different ways. 
For example, the living tissue can be flash-frozen in liquid nitrogen without a cryopreservative, 
or the tissue can be immersed in sterile distilled water so that the cells burst in response to 
osmotic pressure. Once the cells have been killed, the cellular membranes may be disrupted and 
cellular debris removed by treatment with a mild detergent rinse, such as EDTA, CHAPS or a 
zwitterionic detergent. An advantage to using a mild detergent rinse is that it solubilizes 
membrane-bound proteins, which are often highly antigenic, 

Altematively, the tissue can be enzymatically digested and/or extracted with reagents that 
break down cellular membranes. Example of such enzymes include, but are not limited to, 
hyaluronidase, dispase, proteases, and nucleases (for example, deoxyribonuclease and 
ribonuclease). Examples of detergents include non-ionic detergents such as, for example, 
alliylaryl polyether alcohol (TRITON® X-100), octylphenoxy polyethoxy-etlianol (Rohm and 
Haas Philadelphia, PA), BRIJ-35, apolyefhoxyethanol lauryl ether (Atlas Chemical Co., San 
Diego, CA), polysorbate 20 (TWEEN 20®), a polyethoxyethanol sorbitan monolaureate (Rohm 
and Haas), polyethylene lauryl ether (Rohm and Haas); and ionic detergents such as, for 
example, sodium dodecyl sulphate, sulfated higher aliphatic alcohols, sulfonated alkanes and 
sulfonated alkylarenes containing 7 to 22 carbon atoms in a branched or uabraached chain. , 

The scaffold comprisiug the ECM may be used therapeutically as described above. 
Alternatively, ECM may be collected from the scaffold. Collection of ECM can be 
accomplished in a variety of ways, depending, for example, on whether the fi-amework is 
biodegradable or non-biodegradable. For example, if the framework is non-biodegradable, the 
ECM can be removed by subjecting the framework to sonication, high pressure water jets, 
inechanical scraping, or mild treatment with detergents or enzymes, or any combination of the 
above. 

If the framework is biodegradable, the ECM can be collected, for example, by allowing 
the framework to degrade or dissolve in solution, Altematively, if the biodegradable fi-amewoik 
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is composed of a material that can itself be injected along with tiie ECM, liie ftamework and the 
ECM can be processed in toto for subsequent injectioa AltKnatively, the ECM can be removed 
fiom the biodegradable framework by any of the methods desaribed above for collection of ECM 
from a non-biodegradable frameworL All collection processes are preferably designed so as not 
to denature the ECM produced by the cells of the inventioca. 

Once the ECM has been collected, it may be processed fiirther. The ECM can be 
homogenized to fine particles using techniques well known in the art such as, for example, by 
sonication, so that they can pass through a surgical needle. ECM components can be crosslinked, 
if desned, by gaimna irradiation. Preferably, the ECM can be irradiated between 0.25 to 2 mega 
rads to sterilize and crosslink the ECM. Chemical crosslinking using agents that are toxic, such 
as glutaraldehyde, is possible but not generally prefen-ed. 

Cell lysates prepared from the populations of the postpartura-derived cells also have ■ 
many utilities. In one embodiment, whole cell lysates are prepare'd, e.g., by disrupting cells 
without subsequent separation of cell fractions. In auother embodiment, a cell membrane 
fraction is separated from a soluble fraction of the cells by routine methods known in the art, 
e. or., centrifugation, filtration, or similar methods. Use of soluble cell fractions in vivo allows the 
beneficial intracellular milieu to be used in a patient without triggering rejection or an adverse 
response. Methods of lysing cells are well-known in the art and include various means of 
mechanical disruption, enzymatic disruption, or chemical disruption, or combinations thereof 
Such cell lysates may be prepared from cells directly in thefr growth medium and thus containing 
secreted growth factors and the like, or may be prepared from cells washed free of medium in, 
for example, PBS or other solution. Washed cells may be resuspended at concentrations greater 
than the original population density if preferred. Cell lysates prepared from populations of 
poslpartum-derived cells may be used as is, fiirther concentrated, by for example, ultrafiltration 
or lyophilization, or even dried, partially purified, combined with pharmaceuticatly acceptable 
carriers or diluents as are known in the art, or combined with other compounds such as 
biologicals, for example phannaceutically useftil protein compositions. Cell lysates may be used 
in vitro or in vivo, alone or for example, with cells. The cell lysates, if introduced in vivo, may 
be inteoduced locally at a site of freatment, or remotely to provide, for example needed cellular 
growth factors to a patient. 

The amounts and/or ratios of proteins may be adjusted by mixing the BCM or cell lysate 
produced by the cells of the invention with ECM or cell lysate of one or more other cell types. In 
addition, biologically active substances such as proteins, growth factors and/or dmgs, can be ■ 
incorporated into the ECM or cell lysate preparation. Exemplary biologically active substances 
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include anti-inflaimnatory agents and growfli factors which promote healing and tissue repair. 
Cells may be co-admitiisteared with the ECM or cell lysates of the invention. ECM or cell lysate 
of PDCs may be formulated for administration as described ahove for PDCs. 

Use of PDCs for In Vitro Screening of Drug Efficacy or Toxicity 
The cells and tissues of the invention may be used in vitro to screen a wide variety of 
compounds for effectiveness aad cytotoxicity of pharmaceutical agents, growth/regulatory 
factors, anti-inflammatory agents. To this end, the cells of the invention, or tissue cultures 
described above, are maintained in vitro and exposed to the compound to be tested. The activity 
of a cytotoxic compound can be measured by its ability to damage or kill cells in cultm^e. This 
may readily be assessed by vital staining techniques. The effect of growth/regulatory factors may 
be assessed by analyzing the number of living cells in vitro, e.g., by total cell counts, and 
differential cell counts. This may be accomplished using standard cytological and/or histological 
techniques, including the use of immraiocytpchemical techniques employing antib odies that 
define type-sp ecific cellular antigens. The effect of various drugs on the cells of the invention 
either in suspension culture or in the three-dimensional system described above may be assessed. 

The cells and tissues of the invention may be used as model systems for the study of , 
physiological or pathological conditions. The cells and tissues of the invention may also be used 
to study the mechanism of action of cytokines, growth factors and iuflammatory mediators, e.g., 
IL-1, TNF and prostaglandins. In addition, cytotoxic and/or pharmaceutical agents can be 
screened for those that are most efiEcacious for a particular patient. Agents that prove to be 
efficacious in vitro could then be used to treat the patient therapeutically. 

Use of PDCs to Produce Biological Molecules 

In a further embodiment, the cells of the invention can be cultured in vitro to produce 
biological products in high yield. For example, such cells, which either naturally produce a 
particular biological product of interest (e.g., a growth factor, regulatory factor, or peptide 
hormone), or have been genetically engineered to produce a biological product, could be clonally 
expanded using, for example, the three-dimensional culture system described above. If the cells 
excrete the biological product into the nutrient medium, the product can be readily isolated fix>m 
the spent or conditioned medium using standard separation techniques, e.g., such as differential 
pi-otein precipitation, ion-exchange chromatography, gel filtration chromatography, 
electrophoresis, and high performance liquid chromatography. A "bioreactor" may be used to 
take advantage of the flow method for feeding, for example, a three-dimfinsional culture in vitro. 
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Essentially, as ficah media is passed tJifough I3ie three-dimesusianal culture, the biological 
product is washed out of the culture md may then be isolated from the outflow, as above. 

Alternatively, a biological product of interest may remain within the cell and, thus, its 
collection may require that the cells are lysed. The biological product may then be purified using 
any one or more of the above-listed techniques. 

Kits 

The PDCs and components and products thereof can conveniently be employed as part of 
a Icit, for example, for culture or implantation. Accordingly, the invention provides a kit 
including the PDCs and additional components, such as a matrix (e.g., a scaffold), hydrating 
agents (e.g., physiologically-compatible saline solutions, prepared cell culture media), cell 
culture substrates {e.g., culture dishes, plates, vials, etc.), cell culture media (whether in liquid or 
powdered form), antibiotic compounds, hormones, and the like. While the kit can include any 
such components, preferably it includes all ingredients necessary for its intended use. If desired, 
the Icit also can include cells (typically cryopreserved), which can b^ seeded into the lattice as 
described herein. 

In another aspect, the invention proviiies kits tiiat utilize the PDCs, PDC populations, 
components and products of PDCs in various methods for augmentation, regeneration, and repair 
as described above. In some embodiments, the kits may include one or more cell populations, 
including at least PDCs and a pharraaceutically acceptable carrier (liquid, semi-solid or solid). 
The Icits also optionally may include a means of admumtering the cells, for example by 
injection. The kits fitrther may include instructions for use of the cells. Kits prepared for field 
hospital use, such as for military use, may include full-procedure supplies including tissue 
scaffolds, surgical sutures, and the like, where the cells are to be used in conjunction with repair 
of acute injuries. Kits for assays and in vitro methods as described herein may contain one or 
more of (1) PDCs or components or products of PDCs, (2) reagents for practicing the in vitro 
method, (3) other cells or cell populations, as appropriate, and (4) instructions for conducting the 
in vitro method. 

Cryopreservation and Banjkiug PDCs 

PDCs of the invention can be cryopreserved and maintained or stored in a "cell banic". 
Cryopreservation of cells of the invention may be carried out according to Itnown methods. For 
example, but not by way of limitation, cells may be suspended in a "freeze medium" such as, for 
example, culture medium further comprising 0 to 95 percent FBS and 0 to 10 percent 
dimethylsulfoxide (DMSO), with or without 5 to 10 percent glycerol, at a density, for example, 
-A6~ 
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of about 0.5 to 10 X 10^ cells per milliliter. The cryopreservation medium may comprise 
cryopreservation agents including but not limited to methylcellulose. The cells are dispensed 
into glass or plastic ampoules that are then sealed and transferred to the freezing chamber of a 
controlled rate freezer. The optimal rate of freezing may be determined empirically. A 
programmable rate freezer for example, can give a change in temperature of -1 to -10°C per 
miimte. The preferred cryopreservation temperature is about -80°C to about -180°C, more 
preferably is about -90°C to about -160°C, and most preferably is about -125 to about -140°C. 
Cryopreserved cells preferably are transferred to liquid nitrogen prior to thawing for use. In 
some embodiments, for example^ once the, ampoules have reached about -90°C, they are 
transferred to a liquid nitrogen storage area. Cryopreserved cells can be stored for a period of 
years. 

The cryopreserved cells of the invention constitute a bank pf cells, portions of which can 
be "withdrawn" by thawing and then used as needed. Thawing should generaEy be carried out 
rapidly, for example, by transferring an ampoule from liquid nitrogen to a 37°C water bath. The 
thawed contents of the ampoule should be immediately transferred under sterile conditions to a 
culture vessel containing an appropriate mediimi such as DMEM conditioned with 10 percent 
EBS. 

In yet another aspect, the invention also provides for banking of tissues, cells, cellular 
components and cell populations of the invention. As discussed above, the cells are readily 
cryopreserved. The invention therefore provides methods of ciyopreserving the cells in a bank, 
wherein the cells are stored frozen and associated wifli a complete characterization of the cells 
based on immunological, biochemical and genetic properties of the cells. The cells so frozen can 
be used for autologous, syngeneic, or allogeneic therapy, depending on the requirements of the 
procedure and the needs of 1he patient. Preferably, the information on each cryopreserved 
sample is stored in a computer, which is searchable based on the requirements of the surgeon, 
procedure and patient with suitable matches being made based on the characterization of the cells 
or populations. Preferably, the cells of the invention are grown and expanded to the desired 
quantity of cells and therapeutic cell compositions are prepared either separately or as co- 
cultures, in the presence or absence of a matrix or support. While for some applications it may 
be preferable to use cells freshly prepared, the remainder can be cryopreserved and banked by 
fi-eezing the cells and entering the information in the computer to associate the computer entry 
with the samples. Even where it is not necessary to match a source or donor with a recipient of 
such cells, for immunological purposes, the banlc system makes it easy to match, for exaniple, 
desirable biochetnical or geaietic properties of the banlced cells to the therapeutic needs. Upon 
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matching of the desired properties with a banked sample, the sample is retrieved , aad readied for 
therapeutic use. Cell lysates or camponents prepared as described herein may also be preserved 
(e.g., cryopreserved, lyophilized) and banked in accordance with the present invention. 

The following examples describe several aspects of embodiments of the invention in 
greater detail. These examples are provided to further illustrate, not to limit, aspects of the 
invention described herein. 



EXAMPLES 

EXAMPLE 1 

Derivation of Cells from Postpai-tum Placental Tisstte 

Postpartvim placentas were obtained upon birth of either a fiill term or pre-term 
pregnancy. Cells were harvested ftom five separate donors of placental tissue. Different 
methods of cell isolation were tested for their abihty to yield cells with: 1) the potential to 
differentiate into cells with different phenotypes, or 2) the potential to provide critical trophic 
factors useful for other cells and tissues. 

Methods & Materials 

Isolation of cells from placenta. Placental tissue was obtained from National Disease 
Resarch Interchange (NDRI) (Philadelphia, PA). The tissues were obtained &om a pregnancy at 
the time of a normal surgical delivery. Placental cells were isolated aseptically in a laminar flow 
hood. To remove blood and debris, the tissue was washed in phosphate buffered saliae (PBS; 
Jhvitrogen, Carlsbad, CA) m the presence of 100 Units/miUiliter penicillin, 100 
micrograms/millihter streptomycin, and 0.25 micrograms/miUiliter amphotericin (Invitrogen 
Carlsbad, CA). The tissues were then mechanically dissociated in 150 cm^ tissue culture plates 
. ki the presence of 50 milliliters of medium (DMEM-Low glucose or DMEM-High glucose; 
invitrogen), until the tissue was minced into a fine pulp. The chopped tissues were tiraosferred to 
50 milliliter conical tubes (approximately 5 grams of tissue per tube). 

The tissue was then digested ui either DMEM-Low glucose medium or DMEM-High 
glucose medium, each containing 100 Units/mifliliter pemcillin, 100 micrograms/miUiliter 
streptomycin, and 0.25 micrograms/milliliter amphotericin and digestion enzymes. In some 
experiments an enzyme mixture of collagenase and dispase was used C'C:D;" coUagenase 
(Sigma, St Louis, MO), 500 Unita/miUiliter; and dispase (Invitrogen), 50 Units/millilitesr in 
-48- 
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DMEM-Low glucose medium). In other experiments a mixture of collagenase, dispase and 
hyaluronidase ("C:D:H") was used (collagenase, 500 Units/milliHter; dispase, 50 Units/miUiliter; 
and hyaluionidase (Sigma), 5 Units/milliliter, in DMEM-Low glucose). The conical tubes 
containing the tissue, medium and digestion enzymes were incubated at 37 °C in an orbital 
shakex (Environ, Brooklyn, NY) at 225 rpm for 2 hours. 

After digestion, the tiMues wedre! centrifUged at 150 X g for 5 minutes, and the supernatant 
was aspirated, The pellet was resnspended m 20 milliliter of Growth medium (DMEM:Low 
glucose (Invitrogen), 15 percent (v/v) fetal bovine serum (PBS; defined bovine serum; 
Lot#A]MD18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercaptoeaianol (Sigma), 100 
Units/milliliter penicillin, 100 micrograms/milliliter streptomycin, 0.25 nucrograms/milliliter 
amphotericin B; Invitrogen, Carlsbad, CA)). The cell suspension was filtea:ed through a 70- 
micrometer nylon cell strainer (BD Biosciences). An additional 5 milliliters rinse comprising 
Growth medium was passed through the strainer. The cell suspension was then passed through a 
40-micrometer nylon cell strainer (BD Biosciences) and chased with a rinse of an additional 5 
milliliters of Growth medium. 

The filtrate was resuspended in Growth medium (total volume 50 milliliters) and 
centrifuged at 1 50 x g for 5 minutes. The supernatant was aspirated and the cells were 
resuspended in 50 milliliters of fresh growth mediiun. This process (i.e., resuspension, 
centrifugation, and aspiration) was repeated twice more. 

After the final centrifiigation, supernatant was aspirated and the cell pellet was 
resuspended in 5 milliliters of firesh growth medixmi. The number of viable cells was determined 
using Trypan Blue staining. Cells were then cultured under standard conditions. 

The cells isolated from placenta were seeded at 5,000 cells/cm^ onto gelatin-coated T- 
75cm^ flasks (Coming Lie, Coming, NY) in Growth medium (DMEM-Low glucose 
(Invitrogen), 15 percent (v/v) defmed bovine semm (Hyclone, Logan, UT; Lot#AND 18475), 
0.001 percent (v/v) 2-merc^toethanol (Sigma), 100 Units/milhhter penicillin, 100 
micrograms/milliliter streptomycin, and 0.25 micrograms/milliliter amphotericin (Invitrogen)). 
After about 2-4 days, spent medium was j^pirated from the flasks. Cells were washed with PBS 
. three times to remove debris and blood-derived cells. Cells were then replenished with Growth 
medium and allowed to grow to confluence (about 10 da^^ from passage 0 to passage 1). On 
subsequent passages (from passage 1 to 2, etc.), cells reached sub-confluence (75-85 percent 
confluence) in 4-5 days. For these subsequent passages, cells were seeded at 5,000 cells/cm^. 
Cells were grown in a humidified incubator with 5 percent carbon dioxide and 20 percent 
oxygen, at 37°C. . 
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Isolation of populations of maternal-derived and neonatal-derived cells from 
placenta. The cell isolation protocol was performed asepticaliy in a laminar flow hood. The 
placental tissue was washed in phosphate buffered saline (PBS; Invitrogen, Carlsbad, CA) in the 
presence of antimycotic and antibiotic (100 Units/millihter penicillin, 100 microgram/milUliter 
streptomycin, 0.25 microgram/milhhter amphotericin B; Invitrogen) to remove blood and debris. 
The placental tissue was then dissected into three sections: top-line (neonatal side or aspect), 
mid-line (mixed cell isolation neonatal and maternal, or villous region), and bottom line 
(maternal side or aspect). 

The separated sections were individually washed several times in PBS with 
aatibiotic/antimycotic to further remove blood and debris. Each section was then mechanically 
dissociated in 150 cm^ tissue culture plates in the presence of 50 milliliters of DMEM-Low 
glucose (Invitrogen) to a fine pulp. The pulp was transferred to 50 milliliter conical tubes. Each 
tube contained approximately 5 grams of tissue. The tissue was digesfted in either DMEM-Low 
glucose or DMEM-High glucose medium containing 100 Units/milliliter penicillin, 100 
micrograms/milliliter streptomycin, and 0.25 micrograms/milliliter amphotericin and digestion 
enzymes. In some experimeaits an enzyme mixture of coUagenase and dispase ("C:D") vsras used 
containing coUagenase (Sigma, St Louis, MO) at 500 Units/milHliter and dispase (Invitrogen) at 
50 Units/milhliter in DMEM-Low glucose medium. In other experiments a mixture of 
coUagenase, dispase, and hyaluronidase ("C:D:H") was used (coUagenase, 500 Units/milHliter; 
dispase, 50 Units/milliliter; and hyaluronidase (Sigma), 5 Units/miUiUter m DMEM-Low 
glucose), The conical tubes containing the tissue, medium, and digestion enzymes were 
incubated for 2 hours at 37°C in an orbital shaker (Environ, Brooklyn, NY) at 225 rpm. 

After digestion, the tissues were centrifuged at 150 x g for 5 minutes, and the resultant 
siipematant was aspirated off. The pellet was resuspended in 20 miiUHters of Growth medium 
(DMEM-Low glucose (Invitrogen), 15% (v/v) fetal bovine serum (FBS; defined bovine serum; 
Lot#AND18475; Hyclone, Logan, UT), 0.001% (v/v) 2-mercaptoethanol (Sigma, St. Louis, 
MO), 100 Units/millihter penicillin, 100 microgram/milliliter streptomycin, 0,25 
microgram/milliliter amphotericin B; Invitrogen)). The cell suspension was filtered through a 70 
micrometer nylon cell strainer (BD Biosciences), chased by a rinse with an additional 5 
milliliters of Growth medium. The total cell suspension was passed through a 40 micrometer 
nylon cell strainer (BD Biosciences) foUowed with an additional 5 milliliters of Growth medium 
as a rinse. 

The filtrate was resuspended in Growth medium (total volume 50 milliliters) and 
centrifuged at 150 x g for 5 minutes. The supernatant was aspirated, and the cell pellet was 
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resuspended in 50 milliliters of fresh Growth medium. This process (i.e., resuspension, 
centrifugaticn, and aspiration) was repeated twice more. 

After the final centriftigation, supemataat was aspirated, and tte cell pellet was 
resuspended in 5 milliliters of fresh Growth medium. A cell count was determined using the 
Trypan Blue Exclusion test. Cells were then cultured at standard conditions. 

Isolation of PDCs using different growth conditions. Placenta-derived cells were 
digested in growth medium with or without 0.001% (v/v) 2-merc^toethanol (Sigma, St. Louis, 
MO), using the enzyme combination of C:D :H, accordmg to liie procedures provided above. 
Placenta-derived cells so isolated were seeded under conditions set forth in Table 1-1 and grown 
in the presence of peniciUin/streptomyciiL Cells were passaged ^xp to four times after seeding 
and ctyopreserved. The cryopreserved cells were banked. 



Table 1-1. Isolation and culture expansion of placental cells under varying conditions: 



Condition 


Medium 


FBS 


BME 


Gelatin 


O2 


Growth Factors 


1 


DMEM-Lg 


15% 


. Y 


Y 


20% 


N 


2 


DMEM-Lg 


15% 


Y 


Y 


5% 


N 


3 


DMEM-Lg 


15% 


Y 


N 


20% 


N 


4 


DMEM-Lg 


15% 


Y 


N 


5% 


TST 


- 5 


DMEM-Lg 


2% 


Y 


N (Laminin) 


20% 


EGF/FGF (20 ng/ml) 


6 


DMEM-Lg 


2% 


Y 


N (Laminin) 


5% 


EGF/FGF (20 ng/ml) 


7 


DMEM-Lg 


2% 


Y 


N 

OFibronectin) 


20% 


PDGF/VEGF 


8 


DMEM-Lg 


2% 


Y 


N 

(Fibronectm) 


5% 


PDGFA^GF 


9 


DMEM-Lg 


15% 


N 


Y 


20% 


N 


10 


DMEM-Lg 


15% 


N 


Y 


5% 


N 


11 


DMEM-Lg 


15% 


N 


N 


20% 


N 


12 


DMEM-Lg 


15% 


N 


N 


5% 


N 


13 


DMEM-Lg 


2% 


N 


N (Laminin) 


20% 


EGF/FGF (20 ng/ml) 


14 


DMEM-Lg 


2% 


N 


N (Laminin) 


5% 


EGF/FGF (20 ng/ml) 


15 


DMEM-Lg 


2% 


N 


N 

(Fibronectin) 


20% 


PDGF/VEGF 


16 


DMEM-Lg 


2% 


N 


N 

(Fibronectin) 


5% 


PDGFATEGF 
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ICeyj Lg: Low glucose; N: none; Y: yes; BME: beta-mercaptoethanol; PGF: fibroblast growfii fectrar; EGF: epidermal growth 
factor, PDQF: platelet-derived growth fector, VEGF: vascular endothelial growth factor. 

Results 

Isolation of PDCs using different growth conditioBS. In all conditions set forth in 
Table 1-1, cells attached and escpanded well between passage 0 and 1. Cells in condition 5 to 8 
and 13 to 16 were demonstrated to proliferate well up to at least four passages after seeding. 

Isolation of cells from placenta using different enzyme combinations. Tissue 
digestion with collagenase:dispase and collagenase:dispaseJiyaliiroiudase resulted in the 
isolation of cell populations fiom placental tissues that e3q)anded readily. 

Snmmary. PDCs can be isolated using a combination of a matrix metalloprotease and 
neutral protease, such as but hot hmited to a combination of collagenase and dispase. PDCs are 
preferably isolated using an enzyme combination of a matrix metalloprotease, a neutral protease, 
and a mucolytic enzyme that degrades hyaluronic acid, such as but not limited to a combination 
of collagenase, dispase, and hyaluronidase or a combmation of LIBERASE (Boehringer 
Mannheim Corp., Indianapohs, HSJ) and hyaluronidase. Blendzyme 3, which is collagenase (4 
Wunsch units/g) and thermolysin (1714 casein Units/g) may be used together with hyaluronidase 
to isolate cells. 

EXAMPLE 2 

Evataation of Growth Media for Placenta-Derived Cells 

Several cell cultiue media were evaluated for their abihty to support the growth of 
placenta-derived cells. The growth of placenta-derived cells in normal (20%) and low (5%) 
oxygen was assessed after 3 days using the MTS colorimetric assay. 

Methods & Materials 

Placenta-derived cells at passage 8 (P8) were seeded at 1 x 10^ cells/well in 96 well plates 
in Growth medium (DMEM-low glucose (Gibco, Carlsbad CA), 15% (v/v) fetal bovine serum 
(Cat. #SH30070.03; Hyclone, Logan, UT), 0.001% (v/v) betamercaptoethanol (Sigma, St Louis, 
MO), 50 Units/milUliter penicilhn, 50 microgram/milliliter streptomycin (Gibco). After 8 hours 
tlie medium was changed to that described in Table 2-1 and cells were incubated in normal 
(20%, v/v) or low (5%, v/v) oxygen at 37°C, 5% CO2 for 48 hours. MTS was added to the 
culture medium (CELLTITER96 AQueous One Solution Cell Proliferation Assay, Promega, 
Madison, WI) for 3 hours and the absorbance measured at 490 nanometer (Molecular Devices, 
Sunnyvale CA). 
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Culture Medium 


Supplier 


Added fetal bovine serum 
% (v/v) 


DMEM-low glucose 


Gibco Carlsbad CA 


0, 2, or 10 


DMEM-high glucose 


Gibco Carlsbad CA 


0, 2, or 10 


RPMI 1640 


Mediatech, Inc. 
Hemdon, VA 


,0,2, or 10 


Cell gro-free 

(Serum-free, Protein- free) 


Mediatech, Inc. 
Hemdon, VA 


... 


Ham's FIO 


Mediatech, Inc. 
, Hemdon, VA 


0,2, or 10 


MSCGM (complete with . 
serum) 


Cambrex, Walkersville, MD 


0,2, or 10 


Complete-serum See 
w/albumin 


Mediatech, Inc. 
Hemdon, VA 




Growth medium 


NA 




Ham's P12 


Mediatech, Inc. 
Hemdon, VA 


0, 2, or 10 


Iscove's 


Mediatech, Inc. 
Hemdon, VA 


0, 2, or 10 


Basal Mediinn Eagle's 


Mediatech, lac. 
Hemdon, VA 


0,2, or 10 


DMEM/F12(1:1) 


Mediatech, Inc. 
Hemdon, VA 


0,2, or 10 



Results 

Standard curves for the MTS assay estabhshed a linear correlation between an increase in 
absorbance and an increase in. cell number. The absorbance values obtained were converted into 
estimated cell numbers and the change (%) relative to the initial seeding was calculated. 

The addition of serum to media at normal oxygen conditions resulted in a reproducible 
dose-dependent increase in absorbance and thus the viable cell number (extrapolated). The 
addition of serum to complete MSCGM resulted in a dose-dependent decrease in absorbance. Jn 
the media without added serum, cells only grew in Cellgro, Ham's FIO, and DMEM. 
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Reduced oxygen increased tlie growth, rate of cells in Growtii medium. Ham's FIO, and, 
MSCGM. 

In decreasing order of growth^ the media resulting in the best growth of the PDCs were 
Growth medium > MSCGM > Iscove's+10% FBS =DMEM-High glucose +10% FBS = Ham's 
F12 + 1 0% FBS = RPMI 1640 +10% FBS. 

Summary. Placenta-derived cells may be grown in a variety of culture media in normal 
or low oxygen. PDCs grew in serum-free conditions, for example, in Ham's FIO, (vellgro-free, 
and DMEM. PDCs also grew in protein-ftee conditions, for example, in Ham's FIO and Cellgro- 
free. Reduced oxygen increased the growth rate of cells in Growth medium. Ham's Fl 0, and, 
MSCGM. 

Reference 

U.S. Application Publication No. 20040005704 
EXAMPLE 3 

Growth of Postpartum Cells in Medium Containing D-Valine 

It has been reported that medium containing D-valine instead of the normal L-vaUne 
isoform can be used to selectively inhibit ^e growth of fibroblast-lilce cells in culture 
(Hongpaisan (2000) Cell Biol Int. 24:1-7; Sordillo etal (1988) Cell Biol Int Rep A2-355-6A). 
Experiments were performed to determine whethei: placenta-4erived cells could grow in medium 
containing D-valine. 

Methods & Materials 

Placenta-derived cells (P3) and jBhroblasts (P9) were seeded at 5 x 10^ cells/cm^ in 
gelatin-coated T75 flasks (Coming, Cqming, NY). After 24 hours the medium was removed and 
the cells were washed with phosphate buffered saline (PBS) (Gibco, Carlsbad, CA) to remove 
residual medium. The medium was replaced with a Modified Growth medium (DMEM with D- 
valine (special order, Gibco), 15% (v/v) dialyzed fetal bovine serum (Hyclone, Logan, UT), 
0.001% (v/v) betamercaptoethanol (Sigma), 50 Units/milliliter penicillin, 50 
micrograms/milKliter streptomycin (Gibco)), 

Results 

Placenta-derived and fibroblast cells seeded in the D-valme-containing medium did not 
proliferate, unlike cells seeded in growth medium containing dialyzed serum. Fibroblast cells 

■ ' -54- 



wo 2005/001076 PCT/US2004/020816 

changed morphologically, increasing in size aad changiiig shape. All of the cells died and 
eventually detached firom the flask surface after 4 weeks. 

Summary. PDCs require L-valine for cell growth and to maLatain long-term viability. 

EXAMPLE 4 
Cryopreservation Media for Placenta-Derived Cells 

The obj ective of this study was to determine a suitable cryopreservation medium for the 
cryopreservation of placenta-derived ceUs. 

Methods & Materials 

Placenta-derived cells grown in Growth medium (DMEM-low glucose (Gibco, Carlsbad 
CA), 15% (v/v) fetalbovine seanm (Cat. #SH30070.03, Hyclone. Logan, UT), 0.001% (v/v) 
betamercaptoethanol (Sigma, St. Louis, MO), 50 TJnits/milliliter penicillin, 50 
microgram/milliUter streptomycin (Gibco)), in a gelatin-coated T75 flask were waslied with 
phosphate buffered saline (PBS; Gibco) andtrypsinized usmg 1 milliliter Trypsin/EDTA 
(Gibco). The trypsinization was stopped by adding 10 milliliters Growth medium. The cells were 
centrifiiged at 150 x g, supernatant removed, and the cell pellet was resuspended in 1 milliliter 
Giowtli medium. An aliquot of cell suspension, 60 microliter, was removed and added to 6^ 
microlite? trypan blue (Sigma). The viable cell number was estimated using a hemocytometer. 
The cell suspension was divided into four equal aliqnots each containing 88 x 10^ cells each. The 
cell suspension was centrifiiged and resuspended in 1 milhliter of each media below and 
transferred into Cryovials (Nalgene). 

1 . ) Growth medium +10% (v/v) DMSO (Hybrimax, Sigma, St. Louis, MO) 

2. ) Cell Freezing medium w/DMSO, w/methylcellulose, serum-firee (C6295, Sigma, 
St. Louis, MO) 

3. ) Cell I^teezing medium serum-fee (C2639, Sigma, St, Louis, MO) 

4. ) Cell Freezing Medium w/glycerol (C6039, Sigma, St. Louis, MO) 

The cells were cooled at approximately l°C/min overnight in a -80°C freezer using a 
. "Mr Frosty" freezuig container according to the manufacturer's instructions (Nalgene, Rochester, 
NY). Vials of cells were t-ansferred into liquid nitrogen for 2 days before thawing rapidly in a 
37?C water bath. The cells were added to 10 milliliters Growth medium and centrifiiged before 
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the cell niraiber and viability was estimated as before. Cells w&ce seeded onto gelatbi-coated 
flasks at 5,000 cells/cm^ to determine whether the cells would attach and proliferate. 



Results 

The initial viability of the cells to be cryopreserved was assessed by trypan blue staining 
to be 100%. 

There was a commensurate reduction in cell number with viability for C6295 due to cell 
lysis. The viable ceils cryopreserved in all four solutions attached, divided, and produced a 
confluent monokyo: within 3 days. There was no discemable difference in estimated growth 
rate. 

Summary. The cryopreservation of cells is one procedure available for preparation of a 
cell bank or a cell product. Four cryopreservation mixtures were compared for then: ability to 
protect human placenta-derived cells from freezing damage. Dulbecco's modified Eagle's 
medium (DMEHvT) and 10% (v/v) dimethylsulfoxide (DMSO) is a preferred medium of those 
compared for cryopreservation of placenta-derived cells. 

EXAMPLES 
Growth Characteristics of Placenta-Perived Cells 

The cell expansion potential of placenta-derived cells was compared to other populations 
of isolated stem ceUs. The process of cell expansion to senescence is referred to as Hay flick's 
limit (HayflicK (1974) J. Am. Geriatr. Soc. 22:1-12; Hayflick (1974) Gerontologist 14:37-45). 

Materials and Methods 

Gelatin-coating flaslcs. Tissue culture plastic flasks were coated by adding 20 milliliters 
2% (w/v) porcine gelatin (Type B: 225 Bloom; Sigma, St Louis, MO) to a T75 flask (Coming, 
Coming, NY) for 20 miimtes at room temperature. After removing the gelatin solution, 10 
milliliters phosphate-buffered i5 aline (PBS) (Invitrogen, Carlsbad, CA) were added and then 
aspkated. 

Comparison of expansion potential of placenta-derived cells with other cell 
populations. For comparison of growth expansion potential, the following ceil populations were 
utilized: i) Mesenchymal stem cells (MSG; Cambrex, Walkersville, MD); ii) Adipose-derived 
cells (U.S. Patent No. 6,555,374 B 1 ; U.S. Patent Application US20040058412); iii) Normal 
dermal skin fibroblasts (cc-2509 lot # 9F0844; Cambrex, Walkersville, MD); and iv) Placenta- 
derived cells. Cells were initially seeded at 5,000 cells/on^ on gelatin-coated T75 flasks.in 
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Growth medium (DMEM-Low glucose (Invitrogen, Carlsbad, CA), 15 % (v/v) defined bovine 
serum (Hyclone, Logan, UT; Lot#AND 18475), 0.001 % (v/v) 2-mercaptoethanol (Sigma, St. 
Louis, MO), 100 Units/miBiliter pemcillia, 100 microgram/milliliter streptomycin, 0.25 
micrograms/ milliliter amphotericin B; Lavitrogen, Carlsbad, CA)). For subsequent passages, 
ceil cultures were treated as follows. After trypsinization, viable cells were counted after Trypan 
Blue staining {e.g., cell suspension (50 microliters) was combined with Trypan Blue (50 
microlitesrs, Sigma, St. Louis MO); viable cell numbers were estimated using a hemocytometer). 

Following counting, cells were seeded at 5,000 cells/cm^ onto gelatin-coated T 75 flasks 
in 25 milliliters of jBresh growth medium. Cells were grown under standard atmosphere with 5 % 
carbon dioxide at 37 °C. The growfli medium was changed twice per week. When cells reached 
about 85 percent confluence, they were passaged. This process was repeated until the cells 
reached senescence. 

At each passage, cells were trypsinized and counted. The viable cell yield, population 
doublmg [hi (cell final/cell initiaiyin 2], and doubling time (time in culture (h)/population 
doubling) were calculated. For the purposes of determimng optimal cell expansion, the total cell 
yield per passage Was determmed by multiplymg the total yield for the previous passage by the 
expansion factor for each passage {i.e., expansion factor = cell final/cell initial). 

Expansion potential of cell banks at low density. Tlie expansion potential of cells 
banked at passage 10 was tested. Normal dermal skin fibroblasts (cc-2509 lot # 9F0844; 
Cambrex, Walkersville, MD) and placenta-derived cells were testei These cell populations had 
been banked at passage 1 0 previously, having been seeded at 5,000 cell/cm^ and grown to 
confluence at each passage to that point. The effect of cell density on the cell populations 
following cell thaw at passage 10 was determined. Cells were thawed under stand^d conditions 
and counted using Trypan Blue staining. Thawed cells were then seeded at 1,000 cells/cm^ in 
Growth medium (DMEMrLow glucose (Invitrogen, Carlsbad, CA), 15% (v/v) defined bovine 
serum (Hyclone, Logan, UT; Lot#AND 18475), 0.001% 2-mercaptoethanol ( Sigma, St. Louis, 
MO), 100 Urdts/millihter penicillin, 100 micrograms/milhUter streptomycin, and 0.25 
micrograms/milliliter amphotericin (Invilrogen, Carlsbad, C A)). Cells were grown under 
standard atmospheric conditions at 37°C. Growth medium was changed twice a week and cells 
were passaged as they reached about 85% confluence. Cdls were subsequently p^saged until 
senescence. Cells were trypsinized and counted at each passage. The cell yield, population 
doubling (k (cell final/cell initial)/ln2), and doubling time (time in culture {h)/population 
doubling) were calculated for each passage. The total ceU yield per passage was determined by 
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multiplying total yield for the previous passage by the expansion factor for each passage (i.e., 
expansion factor = cell final/cell initial). 

Expansion of placenta-derived cells at low density from initial cell seeding. The 
expansion potential of freshly isolated placenta-derived cell cultures under low cell seeding 
conditions was tested in another experiment Placenta-derived cells were isolated as described in 
Bxanq)le 1. Cells were seeded at 1,000 cells/cm^ and passaged as described above until 
senescence. Cells were grown under standard atmospheric conditions at ZT'C. Growth medium 
was changed twice per week. Cells were passaged as they reached about 85% confluence. At 
each passage, cells were trypsinized and counted by Trypan Blue staining. The cell yield, 
population doubling (In (cell final/cell hiitial)/hx 2) and doubling time (time in culture 
(h)/population doubling) were calculated for each passage. The total cell yield per passage was 
detemiined by midtiplying the total yield for the previous passage by the expansion factor for 
each passage (ie., expansion factor = cell final/cell initial). Cells were grown on gelatin and 
non-gelatin coated flasks. 

Expansion of Qonal Neonatal or Maternal Placenta-derived Cells. Cloning may be 
used in order to expand a population of neonatal or maternal cells successfully from placental 
tissue. Following isolation of three different cell populations firom the placenta (neonatal aspect, 
maternal aspect, and villous region), tiiese cell populations are expanded UBder standard growth 
conditions and then karyotyped to reveal the identity of the isolated cell populations. By 
isolating the cells from a mother who delivers a boy, it is possible to distinguish between the 
male and female chromosomes by performing metaphase spreads. These eTiperiments can be 
used to demonstrate that top-line cells are karyotype positive for neonatal phenotype, mid-line 
cells are karyotype positive for both neonatal and maternal phenotypes, and bottom-line cells are 
karyotype positive for maternal cells. 

Other growth conditions. In other experiments cells were expanded on either non- 
coated, collagen-coated, fibronectin-coated, laminia-coated, or extracellular membrane protein 
ie.g., MATSIGEL (BD Discovery Labware, Bedford, MA))-coated plates. Cultures have been 
demonstrated to expand well on these different matrices. 

Results 

Comparison of expansion potential of placenta-derived cells with other cell 
populations. Placenta-derived cells expanded for greater than 40 passages, generating cell 
yields of >lxlO" cells in 60 days. In contrast, MSCs and fibroblasts senesced after < 25 days 
and < 60 days, respectively. Although both adipose-derived and omental cells expanded for 
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almost 60 days, they generated total cell yields of 4.5x10^'^ and 4.24x10^^, respectively. Thus, 
when seeded at 5,000 cells/cm^ under the experimental conditions utilized, PDCs expanded 
much better than the other cell types grown under the same conditions (Table 5-1). 

Table 5-1. Growth characteristics for different cell populations grown to senescence 



Cell Type 


Senescence 


Total Population 
Doublings 


Total CeU 
Yield 


MSG 


24 day 


8 


4.72x10' 


Adipose- 
derived ceils 
(Artecel, U.S. 

Patent No. 

6,555,374) 


57 day 


24 


4.5x10" 


Fibroblasts 


53 day 


26 


2.82x10'^ 


Placenta 


80 day 


46 


2.49x10^=' 



Expansion of potential of cell banks at low density. Placenta-derived and fibroblast 
cells expanded for greater than 10 passages generating cell yields of > 1x10^^ cells iii 60 days 
(Table 5^2), After 60 days under these conditions, the placenta-derived cells became senescent 
whereas the fibroblast cell populations senesced aftear 80 days, completing > 40 population 

doublings. 

Table 5-2. Growth characteristics for different cell populations using low density growth 
ejqiansion from passage 10 througli senescence 



CeU Type 
(Passage No.) 


Senescence 


Total Population 
Doublings 


Total Cell 
Yield 


Fibroblast (PIO) 


80 day 


43.68 


. 2.59x10^^ 


Placental (PIO) 


60 day 


32.96 


6.09x10^^ 



Expansion of placenta-derived cells at low density from initial cell seeding. Placenta- 
derived cells were expanded at low density (1,000 cells/cm^) on gelatin-coated and uncoated 
plates or flasks. Growth potential of these cells under these conditions was good. The cells 
expanded readily in a log phase growth. The rate of cell expansion was similar to that observed 
when placenta-derived ceUs were seeded at 5,000 cells/cm^ on gelatin-coated flasks in growth 
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medium. No differences were observed in. cell expansion potential "between culturmg on either 
uncoated fl^ks or gelatin-coated flasks. Cells grown in gelatin-coated flasks appeared 
pheaiolypically smaller tltaa cells grown inimcoated flasks. 

Expansion of Clonal Neonatal or Maternal Placenta-Derived Cells. A clonal neonatal 
or maternal cell population can be expanded firom placenta-derived cells isolated from the 
neonatal aspect or the maternal aspect, respectively, of the placenta. Cells are serially diluted 
and then seeded onto gelatin-coated plates in Growth medium tor expansion at 1 cell/well in 96- 
well gelatin coated plates. From this initial cloning, expansive clones are identified, trypsinized, 
and reseeded in 12-well gelatin-coated plates iti Growth medium and then subsequently passaged 
into T25 gelatin-coated flaaks at 5,000 cells/cm^ in Growth medium. Subcloning is performed to 
ensure that a clonal population of cells has been identified. For subcloning experiments, cells are 
trypsinized and reseeded at 0.5 cells/well. The subclones that grow well are expanded in gelatin- 
coated T25 flasks at 5,000 cells cm^ /flasik . Cells are passaged at 5,000 ceUs cm^ /T75 flask. 
The growth characteristics of the best clone are plotted, to demonstrate cell espansion. 
Karyotyping analysis can confinn that the clone is either neonatal or maternal. 

Summary. The current cell expansion conditions of growing isolated PDCs at densities 
of about 5,000 cells/cm^ in growth medium on gelatin-coated or uncoated flasks under standard 
atmospheric oxygen are sufficient to generate large numbers of cells at passage 11 . PDCs also 
can be readily expanded using lower density culture conditions (e.g., about 1,000 cells/cm^). It is 
preferred to culture placenta-derived cells under standard atmospheric conditions to generate 
large pools of cells. Culture conditions may be altered to achieve alternative proliferative and/or 
differentiative capacity of placaita-deiived cells. 

Under the conditions utilized, while the expansion potential of MSCs and adipose- 
derived cells was limited, placenta-derived cells expand readily to large numbers. The data 
demonstrate that placenta-derived cell lines as developed herein can expand for greater than 40 
doublings to provide sufficient cell numbers, for example, for cell banks, whereas mesenchymal 
stem cells cannot be expanded to obtain large quantities of cells. 

References 

Hayflick (1974) J. Am. Geriatr. Soc. 22(1):1-12 

EXAMPLE 6 
Karyotype Analysis of Placenta-Derived Cells 
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Cell lines used in cell therapy are preferably iLomogeneous and free from any 
contaminating cell type. Human cells used in cell therapy should have a normal chromosome 
number (46) and structure. To identify placenta-derived cell lines that are homogeneous and free 
from cells of non-placental tissue origin, karyotypes of cell samples were analyzed. 

Materials and Methods 

PDCs from postpartum tissue of a male neonate were cultured in Growth medium 
(DMEM-low glucose (Gibco Carlsbad, CA), 15% (v/v) fetal bovine serum (FBS) (Hyclone, 
Logan, UT), 0.001% (v/v) betamercaptoethanol (Sigma, St. Louis, MO), and 50 Units/milHliter 
penicillin, 50 microgramAnilliliter slreptomycin (Gibco, Carlsbad, CA)). Postpartum tissue from 
a male neonate (X,Y) was selected to allow distinction between neonatal-derived cells and 
maternal-derived cells (X,X). Cells were seeded at 5,000 cells/cm^ in Growth medium in a T25 
flask (Coming, Coming, NY) and expanded to about 80% confluence. A T25 flask containing 
cells was filled to the neck with Growth medium. Samples were delivered to a clinical 
cjrtogeaetics lab by courier (estimated lab to lab transport time is one hour). Chromosome 
analysis was performed by the Center for Human & Molecular Genetics at tiie New Jersey 
Medical School, Newark, NJ. Cells were analyzed during metaphs^e when the chromosomes are 
best visualized. Of twenty cells in metaphase counted, five were analyzed for normal 
homogeneous karyotype number (two). A cell sample was characterized as homogeneous if two 
karyotypes were observed. A cell sample was characterized as heterogeneous if more thaa two 
karyotypes were observed. Additional metaphase cells were counted and analyzed when a 
heterogeneous karyotype number (four) we^ identified. 

Results 

All cell samples sent for chromosome analysis were interpreted as exhibiting a normal 
appearance. Three of the thirteen cell lines analyzed exhibited a heterogeneous phenotype (XX 
and XY) indicating the presence of cells derived from both neonatal and maternal origins (Table 
6-1). Cells derived from tissue Placenta-N were isolated from the neonatal aspect of placenta. 
At passage zero, this cell line appeared homogeneous XY. Howevear, at passage nine, the cell 
line was heterogeneous (XX/XY), mdicating a previously undetected presence of cells of 
maternal origin. 



Table 6-1. Karyotype analysis of PDCs 





1 Metaphase cells 1 


Metaphase cells 1 


Number of | 


ISCN Karyotype | 


j Tissue 1 pas 


ssage j counted | 


analyzed | 


kaiyotypes | 
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Placenta 


22 


20 


5 


2 


46, XX 


Placenta 


2 


20 


5 


2 


46, XX 


Placenta-N 


0 


20 


5 


2 


46, XY 


Placenta-V 


0 


20 


5 


2 


46, XY 


Placenta-M 


0 


21 


5 


4 


46,XY[18]/46, 
XX[3] 


Placenta-M 


4 


20 


5 


2 


46,XX 


Placenta-N 


9 


25 


5 


4 


46, XY[5]/46, 
XX[20] 


Placenta-N 
CI 




20 


5 


2 


46, XY 


Placenta-N 
C3 ■ 




20 


6 


4 


46, XY[2]/46, 
XX[18] 


Placenta-N 
C4 




20 


5 


2 


46, XY 


Placenta-N 
C15 




20 


5 


2 


46, XY 


Placenta-N 
C20 




20 


5 


2 


46, XY 


Placenta-N 
C22 




20 


5 


2 j 46, XY 



Summary. Chromosome analysis identified placenta-derived cells whose karyotypes 
appear iiormal as interpreted by a cHnical cytogenetic laboratory. Karyotype analysis also 
identified cell lines firee &om maternal cells, as determined by homogeneous karyotype. 



EXAMPLE 7 

Evaluation of Httman Placenta-Derived Cell Surface Markers by Flow Cytometry 

Characterization of cell surface proteins or "bnarkers" by flow cytometry can be used to 
determine a cell line's identity. The consistency of expression can be determined &om multiple 
donors and in cells exposed to different processing and culturing conditions. Postpartum cell 
lines derived from the placenta were characterized (by flow cytometry) providing a profile for 
the identification of these cell lines. 



Materials and Methods 

Media. Cells were cultured in Growth medium (DMEM-low glucose (Gibco Carlsbad, 
CA), 15% (v/v) fetal bovine serum (FBS); (Hylcone, Logan, TJT), 0.001% (v/v) 
betamercaptoethanol (Sigma, St. Louis, MO), and 50 Units/milliliter penicillin, 50 
microgram/milliliter streptomycin (Gibco, Carlsbad, CA)). 

Culture vessels. Cells were cultured in plasma-treated T75, T150, and T225 tissue 
culture flasks (Coming, Coming, NY) until confluent. The growth surfaces of the flasks were 
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coated with gelatin by incubating 2% (w/v) gelatin (Sigma, St. Louis, MO) for 20 minutes at 

room temperature. 

Antibody staining. Adherent cells in flasks were washed in phosphate buffered saline 
(PBS); (Gibco, Carlsbad, CA) and detached with Trypsin/EDTA (Gibco, Carlsbad, CA). Cells 
were harvested, centrifiiged, and resuspended in 3% (v/v) FBS in PBS at a ceU concentration of 
IxlO' per milliliter. In accordance with the manufacturer's specifications, antibody to the cell 
suifece marker of intaest (Table 7-1) was added to one hundred microliters of cell suspension, 
and the mixture was incubated in the daric for 30 minutes at 4°C. After incubation, cells were 
washed with PBS and centrifuged to remove unbound antibody. Cells were resuspended in 500 
microliters PBS and analyzed by flow cytometry. 

Flow cytometry analysis. Flow cytometry analysis was performed with a FACScalibm- 
instrument (Becton Diddnson, San Jose, CA). 

Antibodies to cell surface markers. The following antibodies to cell surface markers 
werensed. 



Table 7-1. Antibodies to cell surface markers 



Antibody 


Manufacture 


Catalog Number 


CDIO 


BD Pharmingen (San Diego, CA) 


555375 


CD13 


BD Pbanningen (San Diego, CA) 


555394 


CD31 


BD Pharmingen (San Diego, CA) 


555446 


CD34 


BD Pharmingen (San Diego, C A) 


555821 


CD44 


BD Pharmingen (San Diego, CA) 


555478 


CD45RA 


BD Pharmingen (San Diego, CA) 


555489 


CD73 


BD Pharmingen (San Diego, CA) 


550257 


CD90 


BD Pharmingen (San Diego, CA) 


555.596 


CD117 


BD Biosciences (San Jose, CA) 


340529 


CD141 


BD Pharmingen (San Diego, CA) 


559781 


PDGFr-alpha 


BD Pharmingen (San Diego, CA) 


556002 


HLA-A, B, C 


BD Pharmingen (San Diego, CA) 


555553 


HLA-DR, DP, 
DQ 


BD Pharmingen (San Diego, CA) 


555558 


IgG-FITC 


Sigma (St. Louis, MO) 


F-6522 


IgG-PB 


Sigma (St. Louis, MO) 


P-4685 



Passage to passage comparison. Placenta-derived cells were analyzed at passages 8, 15, 

and 20. 

Donor to donor comparison. To compare differences among donors, placenta cells 
feom different donors were compared to each other. 

Surface coating comparison. Placenta-derived cells cultured on gelatin-coated flasks 
was compared to placenta-derived cells cultured on uncoated flasks. 
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Digestion enzyme comparison. Fom- treatments used for isolation and prqparation of 
cells were compared. Cells isolated from placenta by treatment with 1) collagenase; 2) 
collagenase/dispase; 3) collagenase/hyaluronidase; and 4) collagenase/hyaluronidase/dispase 
were compared. 

Placental layer comparison. Cells isolated from tlie maternal aspect of placental tissue 
were compared to cells isolated from the villous region of placental tissue and cells isolated from 
tlie neonatal fetal aspect of placenta. 

Results 

Placenta-derived cell characterization. Placenta-derived cells analyzed by flow 
cytometry showed positive for production of CDIO, CD13, CD44, CD73, CD 90, PDGFr-alpha 
and HLA-A, B, C, indicated by the increased values of fluorescence relative to the IgG control. 
These cells were'negative for detectable for production of CD31, CD34, CD45, CD117, CD141, 
and HLA-DR, DP, DQ, indicated by fluorescence values compaj-able to the IgG control. 
Variations in fluorescence values of positive curves were accounted. liVhile the mean (j.e., 
CD13) and range (i.e,, CD90) of flie positive curves showed some variation, the curves appeared 
normal, confirming a homogeneous population, and exhibited fluorescence values greater than 
the IgG control. 

Passage to passage comparison. Placenta-derived cells at passages 8, 15, and 20 
analyzed by flow cytometry were positive for production of CDIO, CD13, CD44, CD73, CD 90, 
PDGFr-alpha, and HLA-A, B, C, as reflected in the increased value of fluorescence relative to 
the IgG control. The cells were negative for production of CD31, CD34, CD45, CDl 17, CD 141, 
and HLA-DR, DP, DQ, as mdicatedhy fluorescence values coi^isteirt with the IgG control. 

Donor to donor comparison. Placenta-derived cells isolated from separate donors 
analyzed by flow cytometry each expressed CDIO, CD13, CD44, CD73, CD 90, PDGFr-alpha, 
and HLA-A, B, C, with increased values of fluorescence relative to the IgG control. The cells 
were negative for production of CD31, CD34, CD45, CDl 17, CD141, and HLA-DR, DP, DQ as 
indicated by fluorescence value consistent with the IgG control. 

The effect of surface coating with gelatin. Placenta-derived cells expanded on either 
gelatin-coated or uncoated flasks analyzed by flow cytometry expressed of CDIO, CDl 3, CD44, 
CD73, CD 90, PDGFr-alpha, and HLA-A, B, C, reflected in the increased values of fluorescence 
relative to the IgG control. These cells were negative for production of CD31, CD34, CD45, 
CDl 17, CD141, and HLA-DR, DP, DQ indicated by fluorescence values consistent with the IgG 
control 
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Effect of enzyme digestion procedure on the cell surface marker proffle. PDCs 
isolated using various digestion enzymes analyzed by flow cytometry expressed CD 10, CD13, 
CD44, CD73, CD 90, PDGFr-alpha, and HLA-A, B, C, as indicated by the increased values of 
fluorescence relative to the IgG control. These cells were negative for production of CDS 1 , 
CD34, CD45, CDl 17, CD141, and HLA-DR, DP, DQ, as indicated by fluorescence values 
consistent with the IgG control. 

Placental layer comparison. Cells isolated j&om the maternal, villous, and neonatal 
layers of the placenta, respectively, analyzed by flow cytometry showed positive for production 
of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, and HLA-A. B, C, as indicated by the 
increased value of fluorescence relative to the IgG control. These cells were negative for 
production of CD31, CD34, CD45, CDl 17, CD 141, and HLA-DR, DP,DQ, as indicated by 
fluorescence values consistent with the IgG control. 

Summary. Analysis of placenta-derived cells by flow cytometry has established a 
profile useful to identify of these cell lines. Placenta-derived ceUs are positive for CDIO, CD13, 
CD44, CD73, CD90, PDGFr-alpha. HLA-A3,C and negative for CD31, CD34, CD45, CD117, 
CD 141, and HLA-DR, DP, DQ. This identity was consistent between variations in variables 
including the donor, passage, culture vessel surface coating, digestion emymes, and placental 
layer. Some variation in individual fluorescence value histogram curve means and ranges were 
observed, but all positive curves under all conditions tested were normal and expressed 
fluorescence values greater than the IgG control, thus confinmng that the cells comprise a 
homogeneous population which has positive expression of the markers. 

EXAMPLES 

Analysis of Placenta-Derived Cells by Asymetrix GeneChip® Arrays 

Affymetrix GeneChip® arrays were used to compare gene expression profiles of 
placenta-derived cells with umbilical cord-derived cells, fibroblasts, human mesenchymal stem 
cells, and another ceU line derived fiom human bone marrow. This analysis provided a 
characterization of the postpartum cells and identified unique molecular markers for these ceUs. 

Materials and Methods 
Isolation and Culture of Cells 

Postpartum tissue-derived cells. Human umbilical cords and placenta were obtained fl'om 
National Disease Research Interchange (NDRI, Philadelphia, PA) from normal full term 
deliveries with patient consent. The tissues were received and cells were isolated as described in 
Example 1 . Cells were cultured in Growth Medium (Dulbecco's Modified Essential Media 
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(DMEM-low glucose; Invitrogen, Carlsbad, CA) with 15% (v/v) fetal bovine serum (Hyclone, 
Logan UT), 100 Units/milliliter penicillin, 100 microgram/milliliter streptomycin (Invitrogen, 
Carlsbad, CA), and 0.001% (v/v) 2-raercaptoethanol (Sigma, St. Loms MO)) on gelatin-coated 
tissue culture plastic flasks. The cultures were incubated under standard growth conditioEs. 

Fibroblasts. Human deonnal fibioblasts were purchased from Cambrex Incorporated 
(Walfcereville, MD; Lot number 9F0844) and were obtained from ATCC CRL-1501 
(CCD39SK). Both lines were cultured in DMEM/F12 medium (Invitrogcai, Carlsbad, CA) with 
1 0% (v/v) fetal bovine serum (Hyclone) and 100 Units/miUiliter penicillin, 100 
microgram/milliliter streptomycin (Invitrogen). The cells were grown on standard tissue-treated 
plastic. 

Human Mesenchymal Stem Cells (hMSC). hMSCs were purchased from Cambrex 
Incorporated (WaUcesrsviUe, MD; Lot numbers 2F1655, 2F1656 and 2F1657) and cullitred 
according to the manufecturer's specifications in MSCGM Media (Cambrex). The ceils were 
grown on standard tissue cultured plastic at 3TC in standard atmosphere with 5 % CO2. 

Human Ileac Crest Bone Marrow Cells (ICBM). Human ileac crest bone marrow was 
received from NDRI with patient consent The maxrow was processed according to the method 
outlined by Ho, et al. (Intemational PCT Publication No. WO03/025149). The marrow was 
mixed with lysis buffer (155 microMolarMltCl, 10 microMolar KHCO3, and 0.1 microMolar 
EDTA, pH 7.2) at a ratio of 1 part bone marrow to 20 parts lysis buffer. The cell suspension was 
Yortexed, incubated for 2 minutes at ambient temperature, and centriftiged for 10 minutes at 500 
X g. The supernatant was discarded and the cell pellet was resuspended m Minimal Essential 
Medium-alpha (Invitrogen) supplemented with 10 % (v/v) fetal bovine serum and 4 microMolar 
glntamine, The cells were centrifuged, and the cell pellet was resuspended in fi-esh medium. 
The viable mononuclear cells were counted using trypan-blue exclusion (Sigma, St. Louis, MO). 
The mononuclear cells were seeded in tissue-cultured plastic flasks at 5 x 10'' ceils/cm^. The 
cells were incubated at ZTC with 5% CO2 at either standard atmospheric O2 or at 5% O2. Cells 
were cultured for 5 days without a medium change. Media and non-adherent cells were removed 
after 5 days of culture. The adherent cells were maintained in culture. 

Isolation of mRNA and GeneChip Analysis. Actively growing cultures of cells were 
removed from the flasks with a cell scraper in cold phosphate buffered saliue (PBS). The cells 
were centrifuged for 5 minutes at 300 x g. The supernatant was removed, and the cells were 
resuspended in fresh PBS and centrifuged again. The supernatant was removed, and the cell 
pellet was immediately frozen and stored at -8 0° C. Cellular mRNA was extracted and 
transcribed into cDNA. cDNA was then transcribed into cKNA and biotin-Iabeled, The biotin- 
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labeled cRNA was hybridized with HG-U133A GEHECEDDP oligonucleotide array (Affymetrix, 
Santa Clara CA). The hybridization and data collection was performed according to the 
manufacturer's specifications. Analyses were performed using "Significance Analysis of 
MicToanrays" (SAM) version 1.21 computer software (Stanford University, www- 
stat.stanford.edii/~tibs/SAM; Tusher, V,G. et al., 2001, Proc. Natl. Acad. Sci. USA 98: 5116- 
5121). 

Results ' 

Fourteen diflferent populations of cells were analyzed in this study. The cells along with 
passage information, culture substrate, and culture media are listed in Table 8-1. 



Table 8-1. Cells analyzed by the imcroarray study. The cell lines 
are listed by their identification code along with passage at the 
time of analysis, celt growth substrate, and growth media. 



Cell Population 


Passage 


Substrate 


Media 


Umbilical (022803) 


2 


Gelatin 


DMEM,15%FBS, 

BME 


Umbilical (042103) 


3 


Gelatin 


DMEM, 15% FBS, 
BME 


Umbilical (071003) 


4 


Gelatin 


DMEM. 15% EBS, 
BME 


Placenta (042203) 


12 


Gelatin 


DMEM, 15% FBS, 
BME 


Placenta (042903) 


4 


Gelatin 


DMEM, 15% FBS, 
BME 


Placenta (071003) 


3 


Gelatin 


DMEM, 15% FBS. 
BME 


ICBM (070203) (5% 
O2) 


3 


Plastic 


MEM 10% FBS 


ICBM (062703) (std Oz) 


5 


Plastic 


MEM 10% FBS 


ICBM (062703 )(5% 
0.) 


5 


Plastic 


MEM 10% FBS 


hMSC(Lot2F1655) 


3 


Plastic 


MSCGM 


hMSC(Lot2F1656) 


3 


Plastic 


MSCGM 


hMSC(Lot2F1657) 


3 


Plastic 


MSCGM 


hFibroblast (9F0844) 


9 


Plastic 


DMEM-F12, 10% FBS 


bFibroblast(ATCC 
CRL-1501) 


4 


Plastic 


DMEM-F12, 10% FBS 



The data were evaluated by a Principle Component Analysis, analyzing the 290 genes ^ 
that were differentially expressed in the ceUs. This analysis allows for a relative comparison for 
tlie similarities between the populations. Table 8-2 shows the Euclidean distances that were 
calculated for the comparison of the cell pairs. The Euclidean distances were based on the 
comparison of the cells based on the 290 genes that were differentially expressed among the cell 
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types. The Euclidean distance is inversely proportional to similarity between the expression of 
the 290 genes. 

Table 8-2. The Euclidean Distances for the Cell Pairs. The 
Euclidean distance was calculated for the cell types using the 290 
genes that were differentially expressed between the cell types. 
Similarity b etween the cells is inversely proportional to the 
Euclidean distance. 



Cell Pair 


EncUdean Distance 


ICBM-hMSC 


24.71 


Placenta-umbilical 


25.52 


ICBM-Fibroblast 


36.44 


ICBM-placenta 


37.09 


Fibroblast-MSC 


39.63 


ICBM-Umbihcal 


40.15 


Fibroblast- 


41,59 


Umbilical 




MSC-Placenta 


42.84 


MSC-Umbilical 


46.86 


ICBM-placenta 


48.41 



Tables 8-3, 8-4, and 8-5 show the expression of genes increased in placenta-derived ceUs 
(Table 8-3), increased in umbiUcal cord-derived cells (Table 8-4), and reduced in umbihcal cord- 
and placenta-derived cells (Table 8-5). The column entitled "Probe Set ID" refers to the 
manufacturer's identification code for the sets of several oHgonucleotide probes located on a 
particular site on the chip, which hybridi2s to the named gene (column "Gene Name"), 
comprismg a sequence that can be found within the NCBI (GenBank) database at the specified 
accession number (column "NCBI Accession Number"). 



Table 8-3. Genes shown to have specifically increased expression 
in the placenta-derived cells as compared to the other cell lines 
assayed. 



Genes Increased in Placenta-Derived Cells 


Probe Set ID 


Gene Name 


NCBI Accession Number 


209732„at 


C-type (caldum dependent, carbohydrate- 
recognition domain) lectirt, superfamily member 2 
(activation-induced) 


AF070642 


206067_s_at 


Wilms tumor 1 


NM_024426 


207016_s_at 


aldehyde ddiydrogenas© 1 family, member A2 


AB015228 
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206367_at 


renin 


NM_000537 


210004_at 


oxidised low density lipoprotein (tectin-lilte) receptor 
1 


AF035776 


214993_at 


Homo sapiens, done IMAGE:4 179671, mRNA. 
parti^ cds 


AF070642 


202178_at 


protein Idnase C, zeta 


NM_002744 


209780_at 


hypothetical protein DKF2p564F013 


AL136883 


204135_at 


downregulaled in ovarian cancer 1 


NM_014890 


213542_at 


Homo sapiens mRNA; cDNA DKFZp547K1 113 
{from done DKFZp547K1 1 13) 


AI246730 


Table 8-4. Genes shown to have specifically increased expression 
in umbilical cord-derived cells as compared to the other cell Unes 
assayed. 


Genes Increased In Umbilical Cord-Derived Cells 


Probe Set 
ID 


Gene Name 


NCBI Accession Number 


202859_x_at 


interleutdn 8 


NM_000584 


211506_s_at 


interleukin 8 


AF043337 


210222_s_at 


reticulon 1 


BC000314 


204470_at 


chemokine (C-X-C motif) ligand 1 (melanoma 
growth sllmulaling activity 


NM_001511 


206336_at 


chemokine (C-X-C motif) ligand 6 (granulocyte 
chemotactic protein 2) 


NM_002993 


207850_at 


chemokine (C-X-C motif) ligand 3 


NM_002090 


203485_at 


reticulon 1 


NM_021136 


202644_s_at 


tumor necrosis factor, alpha-induced protein 3 


NM_006290 



Table 8-5. Genes that were shown to have decreased expression in the 
umbihcal cord and placenta cells as compared to the other ceU lines 



Genes Decreased in Umbilical Cord- and Placenta-Derived Cells 
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Probe Set 
ID 


Gene name 


NCBI Accession Number 


210135_s_at 


short stature homeobox 2 


AF022654.1 


205824_at 


heat shock 27kDa protein 2 


i>JM_001 541.1 


209687_at 


diemokine (C-X-C motif) iigand 12 (stromal cell- 
derived factor 1 ) 


U19495.1 


203666_at 


chemokine {C-X-C motif) iigand 12 (stromal cell- 
derived factor 1) 


NIW_000609.1 


212670_at 


elastin (supravalvular aortic stenosis, Williams- 
Beuren syndrome) 


AA479278 


213381_at 


Homo sapiens mRIMA; cDNA DKFZp586M2022 
(from done DKFZp586M2022) 


N91149 


206201_s_at 


mesenchyme homeobox 2 (grow/tti arrest- 
specific homeobox) 


NM_005924.1 


20581 7_at 


sine oculis homeobox homoiog 1 (Drosophiia) 


NM_005982.1 


209283_at 


crystaliin, alpha B 


AF007162.1 


212793_at 


dishevelled associated activator of 
morphogenesis 2 


BF513244 


213488_at 


DKI=ZP586B2420 protein 


AL050143.1 


209763_at 


similar to neuralin 1 


AL049i76 


205200_at 


tetranectin (piasminogen binding protein) 


NIVI_003278.1 


205743_at 


src homology three (SH3) and cysteine rich 
domain 


NM_003149.1 


200921_s_at 


B-ce]l translocation gene 1, anti-proirferative 


NM_001731.1 


206932„at 


cholesterol 25-hydroxytase 


NM_003956.1 


20419S_s_at 


runt-related transcription factor 3 


AA541630 


219747_at 


hypothetical protein FLJ23191 


NlVi_024574,1 


204773_at 


interleukin 1 1 receptor, alpha 


Nri/I_004512.1 


202465_at 


procollagen C-endopeptidase enhancer 


NM_002593.2 


203706_s„at 


frizzled homoiog 7 (Drosophiia) 


NM_003507.1 


212736_at 


hypothetical gene BC008967 


BE299456 


214587_at 


collagen, type Vlti, alpha 1 


BE877796 
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201645_at 


tenasdn C (hexabrachlon) 


N1VI_002160.1 


210239_at 


iroquois homeobox protein 5 


U90304.1 


203903„s_at 


hephaestin 


NM_01 4799.1 


20581 6_at 


integrln, beta 8 


NM_002214.1 


203069_at 


synaptic veside glycoprotein 2 


NM„014849.1 


213909_at 


Homo sapiens cDNA FLJ12280 fis, clone 
iVIAiVIMA1001744 




20631 5_at 


cytoi<ine receptor-like factor 1 


NM 004750 1 


■ 20440'l„at 


potassium intermediate/small conductance 
calcium-activated channel, subfamily N, member 
4 




2l6331_at 


integrln, alpha 7 


AK022548.1 


209663_S„at 


integrin, alpha 7 


AF072132.1 


213125_at 


DKFZP586L151 protein 


AW007573 


202133_at 


franscriptional co-activator with PDZ-binding 
motif {TAZ) 


AA081084 


206511_s_at 


sine oculis homeobox homolog 2 (Drosophfia) 


NM_016932.1 


213435_at 


KIAA1 034 protein 


AB028957.1 


206115_at 


early growth response 3 


NM_004430.1 


213707_s_at 


distal-less homeobox 5 


NiVI_005221 .3 


218181_s_at 


hypothetical protein FLJ20373 


NiW_01 7792.1 


209160_at 


aldo-ketp reductase family 1 , member C3 (3- 
alpha hydroxysteroid dehydrogenase, type 11) 


AB018580.1 


213905_x_at 


biglycan 


AA845253 


201261_X_at 


biglycan 


BC002416.1 


202132_at 


transcriptional co-activator with PDZ-binding 
motif (TAZ) 


AA081084 


214701_s_at 


fibronectin 1 


AJ276395,1 


213791_at 


proenl<ephalin 


NM_006211.1 


205422_s_at 


integrin, beta-like 1 (with EGF-like repeat 
domains) 


NM_004791.1 
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214927_at 


Homo sapiens mRNAfull length lns«1 cDNA 
clone EUROIMAGE 1 968422 


AL359052.1 


206070_s_at 


EphA3 


AF21 3459.1 


212805_at 


KIAA0367 protein 


AB002365.1 


219789_at 


natriuretic peptide receptor C/guanylale cyclase 
C (atrlonalriuretic peptide receptor C) 


AI628360 


219054_at 


hypothetical protein FU 14054 


NM„024563.1 


21342g_at 


Homo sapiens mRNA; cDNA DKFZp564B222 
(from done DKFZp564B222) 


AW025579 


204929„s_at 


vesicle-associated membrane protein 5 
(myobrevin) 


NM„006634.1 


201843_s„at 


EGF-confaining fibulin-iike extracellular matrix 
protein 1 


NMJ004105.2 


221478_at 


BCL2/adenovlrus E1B 19kDa interacting protein 
3-Iike 


AL1 32665.1 , 


201792_at 


AE binding protein 1 


NM_001129.2 


204570_at 


cytochrome c oxidase subunit Vila polypeptide 1 
(muscle) 


NM_001 864.1 


201621_at 


neuroblastoma, suppression of tumorigenidty 1 


NM_005380.1 


202718_at 


insuiin-like growtti factor binding protein 2, 
36kDa 


NM_000597.1 



Tables 8-6, 8-7, and 8-8 show the expression of genes increased inhuman fibroblasts 
(Table 8-6), ICBM cells (Table 8-7), and MSCs (Table 8-8). 

Table 8-6. Genes that were shown to have increased expression in 
fibrobi^ts as compared to the other cell lines assayed. 



Genes increased in fibroblasts 



dual specificity phosphatase 2 

KIAA0527piDtein " 

Homo sapiens oDNA: FLJ23224 fis, clone ADSU02206 

dyiein, cytoplasmic, intemiediate polypeptide 1 

atikyrin 3, node of Ranvier (ankyrm G) 

inhibiii,betaA(activin A, activinAB alpha polypeptide) . 
ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative function) 

KIAA1Q53 protein 

microtttbule-associated protein lA 

zinc finger protein 41 

HSPC019 protein 
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Homo sapiens cDNA: FLJ23564 fis, clone LNG10773 


Homo sapiens mRNA; cDNADKFZp564A072 (firomcloiie 




DK:FZp564A072) 




LIM protejn (similar to rat proteia kinase C-binding enigma) 


inhibitor of kappa li^t polypeptide gene enhance in B-cells, kinase 




complex-associated protein 




hypothetical protein FLJ22004 


HiJman (clone CTG-A4) mRNA sequence 


ESTs, Moderately similar to cytokine receptor-like factor 2; cytokine 




receptor CRL2 precursor [Homo sapiens] 




transforming growth factor, beta 2 




hypothetical protein MGC29643 




antigen identified by monoclonal antibody MRC OX-2 



Table 8-7. Genes 1hat were shown to have increased ecspression in 
the ICBM-derived cells as compared to the other cell lines assayed. 



Genes Increased In ICBM Cells 

cardiac a nkyrin repeat protein 

MHO class I region OKP 

integrin, alpha 10 ' 

hypothetical protein FLJ22362 

XJDP-N-acetyl-alpha-D-galactosamineipolypeptide N- 

acetylgalactosaminyltransferase 3 (GalNAc-T3) 

ioterferon-induced protein 44 

SRY (sex determining region Y)-box 9 (campomelic dysplasia, autosomal sex- 

reversal) 

keratin associated protein 1-1 

bippocalcia-like 1 i 

jagged 1 (Alagille syndrome) 

proteoglycan 1, secretory granule 



Table 8-8. Genes that were shown to have uicreased expression in 
the MSG cells as compared to the other cell Uues assayed. 



Genes Increased In MSG Cells 

i nterleukin 26 " 

maltasc-gliicoamylase (alpha-glucosidase) 
nuclear receptor subfamily 4, group A, member 2 
v-fos FB J murine osteosarcoma viral oncogene homolog 

hypothetical protein DC42 

nucleai- receptor subf amily 4, group A, member 2 

FB J murine osteosa rcoma viral oncogene homolog B 

WNTl inducible signalmg pathway protein 1 

MCF.2 cell line derived traosfomung sequence 

potassium channel, subfamily K, member 15 

cartilage paired-class homeoprotein 1 

Homo sapiens cDNA FLJ12232 fis, clone MAMMA1QQ1206 
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Homo sapiens cDNAFIJ34668 fis, clone IJVER2000775 

Jim B proto-oncogene 

B-cenCXL(l)T]q)homa6(zmcj6migarprotem51) 

zinc finger proteta 36, C3H type, homolog (mouse) 

Summary. The GENECH3P analysis was performed to provide a molecular 
charactoization of the postpartum cells derived from placenta. Th i s analysis included cells 
derived from three different placentas. The study also included three different lines of umbilical 
cord-derived cells, two different Imes of dermal fibroblasts, three lines of mesenchymal stem 
cells, and three lines of ileac crest bone marrow cells. The mRNA that was expressed by these 
cells was analyzed by ASyMetrix GENECHIP that contained oligonucleotide probes for 22,000 
genes. 

Results showed that 290 genes are differentially expressed in these five different cell 
types. These genes include ten genes that are specifically increased in the placenta-derived cells. 
Fifty-four genes were found to have specifically lower expression levels in placeaita. 

The expression of selected genes has been confirmed by PGR in Example 9 . These 
results demonstrate that the placenta-derived cells have a distract gene expression profile, for 
example, as compared to bone marrow-derived cells and fibroblasfs. 

EXAMPLE 9 
Cell Markers in Placenta-Derived Cells 

Similarities and differences in gene expression between cells derived from the human 
placenta and cells derived from other sources were assessed by comparing their gene expression 
profiles using an Affymetrix Genechip. Six "signature" genes were identified: oxidized LDL 
receptor 1, interleukin-8, renin, reticulon, chemolcine receptor ligand 3 (CXC ligaud 3), and 
granulocyte chemotactic protein 2 (GCP-2). These "signature" genes were expressed at 
relatively high levels in placenta-derived cells. This analysis was conducted to verify the 
microarray data and find accordance/divergence between gene and protein expression, as well as 
to establish a series of reliable assay for detection of unique identifiers for placenta-derived cells. 

Methods & Materials 

Cells. Placenta-derived cells (three isolates, including one isolate predominately neonatal 
as identified by karyotyping analysis) and Normal Human Dermal Fibroblasts (NHDF; neonatal 
and adult) were grown m Growth medium (DMEM-low glucose (Gibco, Carlsbad, CA), 15% 
(v/v) fetal bovine serum (Cat #SH30070.03; Hyclone, Logan, UT), 0.001% (v/v) beta- 
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mercaptoethanol (Sigma, St. Loiris, MO), 50 Units/'maiiliter penicdllm, 50 micarogram/milliliter 
streptomycin (Gibco, Carlsbad, CA)) in a gelatin-coated H5 flask. Mesesnchymal Stem Cells 
(MSCs) were grown in a Mesenchymal Stem Cell Growth Mediinn Bullet kit (MSCGM; 
Cambrex, Wallcerville, MD). 

For IL-8 experiments, cells were thawed &om liquid nitrogen and plated in gelatin-coated 
flasks at 5,000 cells/cm^, grown for 48 hours in Growth medium and then grown for 8 hours in 
10 milliliters of serum starvation medium [DMEM-low glucose (Gibco, Carlsbad, CA), 50 
Units/milliliter penicillin, 50 microgram/millihter streptomycin (Gibco, Carlsbad, CA) and 0.1% 
(w/v) Bovine Serum Albumin (BSA; Sigma, St. Louis, MO)]. After this treatment, KNA was 
extracted and the supematants were centrifuged at 150 x g for 5 minutes to remove cellular 
debris. 

Cell culture for ELISA assay. Placenta-derived cells and human fibroblasts derived 
from human neonatal foreskin were cultured in Growth medium in gelatin-coated T75 flasks. 
Cells were frozen at passage 11 in liquid nitrogen. Cells were thawed and transferred to 15 
milliliter centrifuge tubes. After centrifiigation at 150 x g for 5 minutes, Ihe supernatant was 
discarded. Cells were resuspeaided in 4 nulliiiters culture medium and counted. Cells were 
grown in a 75 cm^ flask containing 15 milliliters of Growth medium at 375,000 cell/flask for 24 
hours. The medium was changed to a serum starvation mediirai for 8 hours. Serum starvation 
medium was collected at the end of incub^on, centrifuged at 14,000 x g for 5 minutes, and 
stored at -20°C. 

To estunate the number of cells in each flask, 2 miUiliters of trypsin/EDTA (Gibco, 
Carlsbad, CA) was added to each flask. After cells detached from the flask, trypsin activity was 
neutralized with 8 millihters of Growth medium. Cells were transfearred to a 15 mUhliter 
centrifuge tube and centrifuged at 150 x g for 5 minutes. Supernatant was removed and 1 
raillihter Growth medium was added to each tube to resuspend the cells. Cell number was 
estimated using a hemocytometer. 

ELISA assay. The amount of IL-8 secreted by the cells into serum starvation medium 
was cinalyzed using ELISA assays (R&D Systems, Minneapolis, MM). All assays were tested 
according to the inshuctious provided by the manufactiu-er. 

Total RNA isolation. RNA was extracted from confluent placenta-derived cells and 
fibroblasts or for BL-S expression from cells treated as described above. Cells were lysed with 
350 microliter buffer RLT containing beta-mercaptoethanol (Sigma, St. Louis, MO) according to 
the manufacturer's instructions (RNeasy Mini Kit; Qiagen, Valencia, CA). RNA was extracted 
according to the manufacturer's instructions (RNeasy Mid Kit; Qiagen, Valencia, CA) and 

-75- 



wo 2005/001076 PCT/US2004/020816 

siilgected to DNase treatment (2.7 U/sample) (Sigma St Louis, MO). RNA was eluted with 50 
microliter DEPC-treated water and stored at -80°C. RNA was extracted firom human placeata. 
Ti^ue (30 milligram) wek suspended in 700 microliter of buffer RLT containing beta- 
mercaptoethanol Samples were mechanically homogenized, and the RNA extraction proceeded 
according to manufacturer's specijScation. RNA was extracted wilii 50 microliter of DEPC- 
treated water and stored at -80°C. 

Reverse traascription, RNA was reverse transcribed ising random hexamers with the 
TaqMan reverse transcription reagents (Apphed Biosystems, Foster City, CA) at 25°C for 10 
minutes, ZTC for 60 minutes, and 95°C for 10 minutes. Samples were stored at -20°C. 

Genes identified by cDNA microarray as uniquely regulated in postpartum cells 
("signature, genes," including oxidized LDL receptor, interleukin-8, renin, andreticulon), were 
forther investigated using real-time and conventional PGR. 

Reai-time PGR- PGR was peorfonned on cDNA sanq)les usuig ASSAYS-ON-DEMAND 
gene expression products: oxidized LDL receptor (Hs00234028); renin (Hs00166915); reticulon 
CHs00382515); CXC ligand 3 (Hs00171061); GCP-2 (Hs00605742); IL-8 (Hs00174103); and 
GAPDH were mixed with cDNA and TaqMan Universal PGR master mix according to the 
manufacturer's instructions (Applied Biosystems, Foster City, CA) using a 7000 sequence 
detection system with ABI Prism 7000 SDS software (Applied Biosystems, Foster City, CA). 
Thermal cycle conditions were initially 50°C for 2 minute and 95°C for 10 minute, followed by 
40 cycles of 95°C for 15 second and 60*0 for 1 mmute. PGR data was analyzed according to 
manufacturer's specifications (User Bulletin #2 from Applied Biosystems for ABI Prism 7700 
Sequence Detection S]^tem). 

Conventional PGR. Conventional PGR was performed using an ABI PRISM 7700 
(Perkiti Elmer Apphed Biosystems, Boston, MA) to confirm the results from real-time PGR. 
PGR was performed using 2 microHter of cDNA solution, 1 x TAQ polymerase (tradename 
AMPLITAQ GOLD) universal mix PGR reaction buffer (Applied Biosystems, Foster City, CA) 
and initial denaturation at 94°C for 5 minutes. Amphfication was optimized for each primer set. 
For IL-8, CXC ligand 3, and reticulon (94°C for 15 seconds, 55°G for 15 seconds, and 72''C for 
30 seconds for 30 cycles); for renin (94°C for 15 seconds, 53°C for 15 seconds, and 72''C for 30 
seconds for 38 cycles); for oxidized LDL receptor and GAPDH (94°C for 15 seconds, 55°C for 
15 seconds, and 72°C for 30 seconds for 33 cycles). Primers used for amplification are hsted in 
Table 9-1. Primer concentration in the final PGR reaction was 1 microMolar except for GAPDH 
which was 0.5 microMolar. GAPDH primers were the same as real-time PGR, except that the 
manufacturer's TaqMan probe was not added to the final PGR reaction. Samples were run on 
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2% (wfv) agarose gel and stained witii ethiditmi btomide (Sigma, St. Louis, MO). Images were 
c^tured using a 667 Universal TwiDj>ack film (VWR Jhtemational, South Plainfield, NJ) using a 
fibcal-leaigfli POLAROID camera (VWR Ihtemational, South Plainfield, NJ). 

Table 9-1: Primers used 
Primernaiue Primers 

Oxidized LDL receptor S: 5 ' -GAGMATCCAM.GAGCAARTGG-3 ' (SEQ ID m-.l) 

A: 5'-AGAATGGAAAACTGGAATAGG-3' (SEQ ID 130:2) 

Renin S: 5 ' -TCTTCGATGCTTCGGATTCC-3 ' (SEQ ID NO; 3) 

■ A: 5'-GAATTCTCGGAATCTCTGTTG-3' (SEQ ID NO: 4) 

Reticuloii S: 5'- TTACAAGCAGTGCAGAAAACC-3 ' (SEQ ID NO: 5) 

A: 5 ' - AGTAAACATTGAAACCACAGCC-S ' (SEQ ID KG: 6) 

Interlenkin-8 S: 5'- TCTGCAGCTCTGTGTGAAGG-S' (SSQ ID N0:7) 

A: 5'-CTTCAAAAACTTCTCCACAACC- 3' (SEQ ID NO: 8) 

ChemokiJie(CXC)ligaiid3 S: 5'- CCCACGCCACGCTCTCC-3' (SEQ ID NO: 9) 

A: 5'-TCCTGTCAGTTGGTGCTCC -3' (SEQ ID NO: 10) 

Immunofluorescence. Cells were fixed with cold 4% (w/v) paraformaldehyde (Sigma- 
Aldrich, St. Louis, MO) for 10 minutes at room temperature. Placenta-derived cells at passage 0 
(PO) (one isolate, directly after isolation) and passage 11 (PI 1) (two isolates) and fibroblasts 
(PU) were used. Immunocytochemistry was performed using antibodies directed against the 
foUowing epitopes: vimentin (1:500, Sigma, St. Loiiis, MO), desmin (1:150; Sigma - raised 
against rabbit; or 1 :300; Chemicon, Teraecula, CA - raised against mouse,), alpha-smooth 
muscle actin (SMA; 1:400; Sigma), cytokeratin 18 (CK18; 1:400; Sigana), von Willebrand Factor 
(vWF; 1:200; Sigma), and CD34 (human CD34 Class HI; 1:100; DAKOCytomation, Carpinteria, 
CA). In addition, the following markers were tested on passage 1 1 placenta-derived cells: anti- 
humau GROalpha ~ PE (1 :100; Becton Dickinson, Franklin Laltes, NJ), anti-hmnan GCP-2 
(1:100; Santa Cruz Biotech, Santa Cruz, CA), anti-human oxidized LDL receptor 1 (ox-LDLRl; 
1:100; Santa Cruz Biotech), and anti-human NOGA-A (1:100; Santa Cruz, Biotech). 

Cultures were washed Vidth phosphate-buffered saline (PBS) and exposed to a protein 
blocking solution containing PBS, 4% (v/v) goat serum (Chemicon, Temecula, CA), and 0.3% 
(v/v) Triton (Triton X-100; Sigma, St. Louis, MO) for 30 minutes to access intracellular 
antigens. Where the epitope of interest was located on the cell surface (CD34, ox-LDL Rl), 
Triton X-1 00 was omitted in aU steps of the procedure in order to prevent epitope loss. 
Furthermore, in instances where the primary antibody was raised against goat (GCP-2, ox-LDL 
Rl, NOGOtA), 3% (v/v) donkey serum was used in place of goat serum throughout the pi-ocess. 
Primary antibodi^, diluted in blocldng solution, were then applied to the cultures for a period of 
1 hour at room temperature. The primary antibody solutions were removed, and tlie cultures 
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were washed witii PBS prior'to application of secondary antibody solutions (1 hour at room 
temperature) containing block along with goat anti-mouse IgG - Texas Red (1 :250; Molecular 
Probes, Eugene, OR) and/or goat anti-rabbit IgG - Alexa 488 (1 :250; Molecular Probes) or 
donlcey anti-goat IgG - FITC (1:150, Santa Cruz Biotech). Cultm-es were washed and 10 
microMolar DAPI (Molecular Probes) applied for 10 minutes to visualize cell nuclei. 

Following immunostaining, fluorescence was visualized using an appropriate 
fluorescence filter on an Olympus inverted epi-fluorescent microscope (Olympus, Melville, NY)- 
In all cases, positive staining represented fluorescence signal above control staining where the 
entire procedure outlined above was followed, with the exception of application of a primary 
antibody solution. Representative images were captured using a digital color videocamera and 
ImagePro software (Media Cybernetics, Carlsbad, CA). For triple-stained samples, each image 
was taken usuag only one emission filter at a time. Layered montagiss were then prepared using 
Adobe Photoshop software (Adobe, San Jose, CA). 

Preparation of cells for FACS analysis. Adherent cells in flasks were washed in 
phosphate buffered saline (PBS) (Giboo, Carlsbad, CA) and detached with Trypsin/EDTA 
(Gibco, Carlsbad, CA). Cells were harvested, centrifiiged, and re-suspended in 3% (y/v) FBS in 
PBS at a cell concentration of IxlO' /milliliter. One hundred miracbliter aliquots were delivered 
to conical tubes. Cells stained for intracellular antigens were pemieabilized with PermAV ash 
buffer (BD Phanningen, San Diego, CA). Antibody was added to aliquots as per manufacturer's 
specijacations and the cells were incubated in the dark for 30 minutes at 4°C. After incubation, 
cells were washed with PBS and cenMfuged to remove excess antibody. Cells requiring a 
secondary antibody were resuspended in 100 microliter of 3% FBS. Secondary antibody was 
added as per manufacturer's specification and the cells were incubated in the dark for 30 minutes 
at 4°C, After incubation, cells were washed with PBS and centrifiiged to remove excess 
secondary antibody. Washed cells were resuspended in 0.5 milhiiter PBS and analyzed by flow 
cytometry. The following antibodies were used: oxidized LDL receptor 1 (sc-5813; Santa Cruz, 
Biotech), GROa (555042; BD Pharmdngen, Bedford, MA), Mouse IgGl kappa, (P-4685 and M- 
5284; Sigma), Donkey against Goat IgG (sc-3743; Santa Cruz, Biotech.). 

FACS analysis.. Flow cytometry analysis was performed with FACScalibur {Becton 
Dickinson San Jose, CA). 

Results 

Results of real-time PCR for selected "signature" genes peribimed on cDNA from cells 
derived &om human placentas, adult and neonatal fibroblasts, and Mesenchymal Stem Cells 
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(MSCs) indicate that both oxidized LDL receptor and renin were expressed at higher level in the 
placenta-derived cells as compared to other cells. The data obtained &om real-time PGR were 
analyzed by the AACt method and ejqiressed on a logarithmic scale. No significant difference m 
the ejcpression levels of CXC ligand 3 and GeP-2 were found between placenta-derived cells and 
controls. CXC ligand 3 was expressed at very low levels. GCP-2 was expressed at levels 
comparable to human adult and neonatal fibroblasts. The results of real-time PCR were 
confirmed by conventional PCR. Sequencing of PCR products further validated these 
observations. No significant difference in the expression level of CXC ligand 3 was found 
between postpartum cells and controls using conventional PCR CXC ligand 3 primers listed in . 
Table 9-1. 

The production of the cytokine IL-8 in placenta-derived cells is elevated in both Growth 
medium-cultured and serum-starved placenta-derived cells. All real-time PCR data was 
vahdated with, conventional PCR and by sequencing PCR products. 

When supematants of cells grown in serum-free medium were examined for the presence 
of IL-8, high amounts were detected ia media derived from certain isolates of placenta cells 
(Table 9-2). No IL-8 was detected in medium derived from human deamal fibroblasts. 

Table 9-2. IL-8 protein production measured by ELISA 



Cell type 


IL-8 


Human Fibroblasts 


ND 


Placenta Isolate 1 


ND 


Placenta Isolate 2 


ND 


Placenta Isolates (nornial O2) 


17.27+8.63 


Placenta Isolate 3 (I0WO2, W/O 
BME) 


264.92+9.88 


Results of the ELISA assay foi interleukin-S (IL-8) perfonned cm placenta- 
derived cells audhvmiaQ skin ffljroblasts. Values are presented here are 
picogram/million cells, n=2, sem. 



ND: Not Detected 



Placenta-derived cells were exanained for the production of oxidized LDL receptor, GCP- 
2, and GROalpha by FACS analysis. Cells tested positive for GCP-2. Oxidized LDL receptor 
and GROalpha were not detected by this method. 

Placenta-derived celte were tested for the production of selected proteins by 
immunocytochemical analysis. Immediately after isolation (passage 0), cells derived from the 
human placenta were fixed with 4% paraformaldehyde and exposed to antibodies for six 
proteins: von Willebrand Factor, CD34, cytokeratin 18, desmin, alplm^smooth muscle actin, and 
■ vimentin. Cells stained positive for both alpha-smooth muscle actin and vimentin. This pattern 
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was preserved through passage 11. Only a few cells (<5%) at passage 0 stained positive for 
cytokeratin 18, 

Placesnta-derived cells at passage II weare also investigated by immunocytocliemistry for 
the production of GROalpha and GCP-2. Placenta-derived cells were GCP~2 positive, but 
GROalpha production we^ not detected by this method. 

Summary. Accordance between gene expression levels measured by microarray and 
PGR (both real-time and conventional) has been established for four gesnes: oxidized LDL 
receptor 1, renin, reticulon, and IL-8. The expression of these genes was differentially regulated 
at the mRNA level in placenta-derived cells, with IL-8 also differentially regulated at the protein 
level. The presence of oxidized LDL receptor was not detected at the protein level by FACS 
analysis in cells derived from the placenta. Differential expression of GCP-2 and CXC ligand 3 
was not confirmed at the mRNA level, however, GCP-2 was detected at the protein level by 
FACS analysis in the placenta-derived cells. Although this result may not be fully consistent 
with data obtained firom the microarray experiment, any inconsistency may simply be due to 
differences in the sensitivity of the methodologies. 

Immediately after isolalion (passage 0), cells derived from the human placenta stained 
positive for both alpha-smootli muscle actiba and vimentin. This pattern was also observed in 
cells at passage 11. These results suggest that vimentin and alpha-smooth muscle actin 
production is preserved in cells with passaging, for exanq)le, in the Growth medium used here. 

EXAMPLE 10 

Immnnohistochemical Characterization of PDC Phenotype 

The phenotypes of cells found within human placental tissue was analyzed by 
immunohistochemistty. 

Materials & Methods 

Tissue Preparation. Human placenta tissue was harvested and immersion-fixed in 4% 

(w/v) paraformaldehyde overnight at 4°C. Immmioliistochemistiy was performed using 
antibodies directed against the following epitopes (see Table 1 0-1); vimentin (1:500; Sigma, St. 
Louis, MO), desmui (1:150, raised agamst rabbit; Sigma; or 1:300, raised against mouse; 
Chemicon, Temecula, CA), alpha-smooth muscle actin (ShiA; 1:400; Sigma), cytokeratin 18 
(CK18; 1 :400; Sigma), von Willebrand Factor (vWF; 1:200; Sigma), and CD34 (human CD34 
Class EH; 1:100; DAKOCytomation, Caqpinteria, CA). In addition, the following markers were 
tested: anti-human GROalpha - PE (1 :100; Becton Dickinson, Franklin Lakes, NJ), anti-human 
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GCP-2 (1 :100; Santa Cruz Biotech, Santa Cruz, CA), anti-human oxidized LDL receptor 1 (ox- 
LDL Rl; 1:100; Santa Cruz Biotech), and anti-human NOGO-A (1:100; Santa Cruz Biotech). 
Fixed specimens were trimmed with a scalpel and placed within OCT embedding compound 
(Tissue-Tek OCT; Sakura, Torrance, CA) on a dry ice bath containing ethanol. Frozen blocks 
were then sectioned (10 micron thick) using a standard cryostat (Leica Microsystems) and 
mounted onto glass sUdes for staining. 



Table 10-1: Summary of Primary Antibodies Used 



Antibody 


Concentration 


Vendor 


Vimentin 


1:500 


Sigma, St. Louis, MO 


Desmin(rb) 


1:150 


Sigma 


Desmin (m) 


1:300 


Chemicon, Temecula, CA 


alpha-smooth muscle actin 


1:400 


Sigma 


(SMA) 






Cytokeratin 18 (CK18) 


1:400 


Sigma 


von Willebrand factor (vWF) 


1:200 


Sigma 


CD34m 


1:100 


DakoCytomation, Caipinteria, CA 


GROaipha-PE 


1:100 


BD, Franklin Lalces, NJ 


GCP-2 


1:100 


Santa Cruz Biotech 


Ox-LDLRl 


1:100 


Santa Cruz Biotech 


NOGO-A 


1:100 


Santa Cruz Biotech 



Immunohistochemistry. Immunohistochemistry was performed similar to previous 

studies (e.g., Messina, etal. (2003) Exper. Neurol. 184: 816-829). Tissue sections were washed 

with phosphate-buffered saline (PBS) and exposed to a protein blocking solution containing 

PBS, 4% (v/v) goat serum (Chemicon, Temecula, CA), aiid 0.3% (v/v) Triton (Triton X-100; 

Sigma) for 1 hour to access intracellular antigens. In instances where the epitope of interest 

, would be located on the cell surface (CD34, ox-LDL Rl), triton was omitted in all steps of the 

procedure in order to prevent epitope loss. Furthermore, in instances where the primary antibody 

was raised against goat (GCP-2, ox-LDL Rl, NOGO-A), 3% (v/v) donkey serum was used in 

place of goat serum throughout the procedure. Primary antibodies, diluted in blocldng solution, 

were then apphed to the sections for a period of 4 hours at room temperature. Primary antibody 

solutions were removed, and cultures washed with PBS prior to application of secondary 

antibody solutions (1 hour at room temperature) containing block along with goat anti-mouse 
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IgG - Texas Red (1 :250; Molecular Probes, Eugene, OR) and/or goat anti-rabbit IgG - Alexa 488 
(1:250; Molecular Probes) or donkey anti-goat IgG - FITC (1:150; Santa Cruz Biotech). 
Cultees were washed, and 10 microMolar DAPI (Molecular Probes) was applied for 10 minutes 

to visualize cell nuclei. 

Following immunostaining, fluorescence was visualized using the appropriate 
fluorescence filter on an Olympus inverted epi-Morescent microscope (Olympus, Melville, NY). 
Positive staining was represented by fluorescence signal above control staining. Representative 
images were captured using a digital color videocamera and hnagePro software (Media 
Cybernetics, Cairlsbad, CA). For triple-stained samples, each image was taken using only one 
emission filter at a time. Layered montages were then prepared using Adobe Photoshop software 
(Adobe, San Jose, CA). 

Results 

Placenta Characterization. Vimentin, desmin, SMA, CK18, vWF, and CD34 were all 
observed within the placenta and regionally specific. 

GROalpha, GCP-2, ox-LDL Rl, and NOGO-A Tissue Expression. None of these 
markers were observed within placental tissue. 

Summary. Vimentin, desmin, alpha-smooth muscle actin, cytokeratin 18, von 
WiUebrand Factor, and CD34 are expressed in cells within human placenta. 

EXAMPLE 11 
In Vitro Immunology 

Postpartum cell lines were evaluated m vitro for their immunological characteristics in an 
effort to predict the immunological response, if any, tliese cells would elicit upon in vivo 
transplantation. Postpartum cell lines were assayed by flow cytometry for the production of 
HLA-DR, HLA-DP, HLA-DQ, CD80, CD86, and B7-H2. These protems are expressed by 
antigen-presenting cells (APC) and are required for the direct stimulation of najive CD4^ T cells 
(Abbas & Lichtman, CELLULAR AND MOLECULAR IMMUNOLOGY, 5fhEd. (2003) Saunders, 
Philadelphia, p. 171). The cell lines were also analyzed by flow cytometry for the production of 
HLA-G (Abbas & Lichtman, Cellular and Molecular Immunology, 5th Ed. (2003) 
Saunders, Philadelphia, p. 171), CD 178 (Coumans, et.aL, (1999) Jottmal of Immunological 
Methods 224, 185-196), andPD-L2 (Abbas & Lichtman, Cellular and Molecular 
Immunology, StliEd. (2003) Saunders, Philadelphia, p. 171; Brown, et. al. (2003) Tlie Journal 
of Immunology 170, 1257-1266). The production of these proteins by cells residing in placental 
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tissues is fhougM to mediate tibe imniuDo-privileged status of placental tissues in wtero. To 
predict flie extent to which placenta-derived cell lines elicit an imiraBie response in vivo, the cell 
lines wfflB tested in a one-way inixed lymphocyte reaction (MLR). 

Materials and Methods 

Cell culture. Cells were cultured in Growth Medium (DMEM-low glucose (Gibco, 
Carlsbad, CA), 15% (v/v) fetal bovine serum (FBS); (Hyclone, Logan, UT), 0.001% (vAr) 
betamercaptoethanol (Sigma, St. Louis, MO), 50 Units/milliliter penicillin, 50 
microgram/milliliter streptomycin (Gibco, Carlsbad, CA)) until confluent in T75 flasks (Coming, 
Coming, NY) coated with 2% gelatin (Sigma, St. Louis, MO). 

Antibody Staining. CeUs were washed ia phosphate buffered sahne (PBS) (Gibco, 
Carlsbad, CA) and detached wifli Tiypsin/EDTA (Gibco, Carlsbad, CA). Cells were harvested, 
centrifuged, and re-suspended in 3% (v/v) FBS in PBS at a cell concentration of 1x1 0' per 
milliliter. Antibody (Table 1 1-1) was added to one hundred microliters of cell suspension as per 
manufacturer's specifications and incubated in the dark for 30 minutes at 4°C. After incubation, 
cells were washed with PBS and centrifuged to remove unbound antibody. Cells were re- 
suspended in five hundred microliters of PBS and analyzed by flow cytometry using a 
FACSCaUbur instrument (Becton Dickinson, San Jose, CA), 



Table 11-1. Antibodies 



Antibody 


Manufacturer 


Catalog Number 


HLA-DRDPDQ 


BD Phaimingen (San Diego, 
CA) 


555558 


CD80 


BD Pharmingen (San Diego, 
CA) 


557227 


CD86 


BD Pharmingen (San Diego, 
CA) 


555665 


B7-H2 


BD Pharmingen (San Diego, 
CA) 


552502 


HLA-G 


Abeam (Cambridgeshire, tUC) 


ab 7904-100 


CD 178 


Santa Cruz (San Cruz, CA) 


sc-19681 


PD-L2 


BD Pharmingen (San Diego, 
CA) 


557846 


Mouse IgG2a 


Sigma (St. Louis, MO) 


F-6522 


Mouse IgGlkappa 


Sigma (St. Louis, MO) 


P-4685 



Mixed Lymphocyte Reaction. Cryopreserved vials of passage 1 1 placenta-derived 
PDCs labeled as cell line B were sent on dry ice to CTBR (Senneville, Quebec) to conduct a 
mixed lymphocyte reaction using CTBR SOP no. CAC-031. Peripheral blood mononuclear cells 
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(i^BMCs) were collected ftom multiple male and female volunteer donors. Stiraulator (donor) 
allogeneic PBMC, autologous PBMC, and placenta-derived cell lines were treated with 
mitomycin C. Autologous and mitoinycin C-treated stimulatoer cells were added to respondesr 
(recipient) PBMCs and cultured for 4 days. Ajfter incubation, [^thymidine was added to each 
sample and cultured for 18 hours. Following harvest of tiie cells, radiolabeled DNA was 
extracted, and ['^H] -thymidine incorporation was measured using a scintillation counter. 

The stimulation index for the allogeneic donor (SIAD) was calculated as the mean 
proliferation of the receiver plus mitomycin C-treated allogeneic donor divided by the baseline 
proliferation of the receiver. The stimulation index of the placenta-derived cell was calculated as 
the mean proUferation of the receiver plus mitomycin C-treated placenta-derived cell hne divided 
by the baseline proliferatian of the receiver. 

Results 

Mixed Lymphocyte Reaction-Placenta. Seven human volunteer blood donors were 
screened to identify a single allogeneic donor that would exhibit a robust proliferation response 
in a mixed lymphocyte reaction with the other sis blood donors. This donor was selected as the 
allogeneic positive control donor. The remainmg six blood donors were selected as reorients. 
The allogeneic positive control donor and placenta ceE lines were treated with mitomycin C and 
cultured in a mixed lymphocyte reaction with the six individual allogeneic receivers. Reactions 
were perfbimed in triplicate using two cell culture plates with three receivers per plate (Table 11- 
2). The average stimulation index ranged ftom 1.3 (plate 2) to 3 (plate 1) and the allogeneic 
donor positive controls ranged &om 46.25 (plate 2) to 279 (jplate 1) (Table 1 1-3). 
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Table 11-2. Mixed Lymphocyte Reaction Data - Cell Line B (Placenta) 



DPM for Proliferation Assay 
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Table H-3. Average stimulation index of placenta cells and an allogeneic donor 
in a mixed lymphocyte reaction with six individual allogeneic receiveiB. 
Average Stimnlatioii Index 





Recipient 


Placenta 


Plate 1 (receivers 1-3) 


279 


3 


Plate 2 (receivers 4-6) 


46.25 


1.3 



Antigen Presentiag Cell Markers - Placenta. Histograms of placenta-derived cells 
analyzed by flow cytometry show negative for production of HLA-DR, DP, DQ, CD80, CD86, 
and B7-H2, as noted by fluorescence value consistent with the IgG control, indicating that 
placental cell lines lack the cell surfiace molecules required to directly stimulate allogeneic 
PBMCs (e.g. , CD4^ T cells). 

Immuno-modulatmg Markers - Placenta. Histograms of placenta-derived cells 
analyzed by flow cytometry show positive for production of PD-L2, as noted by the increased 
value of fluorescence relative to the IgG control, and negative for production of CD 1 78 and 
HLA-G, as noted by fluorescence value consistent with the IgG control. 

Summary. In the mixed lymphocyte reactions conducted with placenta-derived cell 
lines, the average stimulation index ranged from 1.3 to 3, and that of the allogeneic positive 
controls ranged from 46.25 to 279. Placenta-derived cell lines were negative for the production 
of the stimulating proteins HLA-DR, HLA-DP, HLA-DQ, CD80, CD86, audB7-H2, as 
measured by flow cytometry. Placenta-derived cell lines were negative for the production of 
inrnimio-modnlating proteins HLA-G and CD178 and positive for Uie production of PD-L2, as 
measured by flow cytometry. Allogeneic donor PBMCs contain antigen-presenting cells 
expressing HLA-DP, DR, DQ, CD80, CDS6, aad B7-H2, thereby allowing for the stimulation of 
allogeneic PBMCs (e.g., naive CD4^ T cells). The absence of antigen-presenting cell surface 
molecules on placenta-derived cells required for the direct stimulation of allogeneic PBMCs 
(e.g., naive CD4^ T cells) and the presence of PD-L2, an immuno-modulating protein, may 
account for the low stimulatian index exhibited by th^e cells in a MLR as compared to 
allogeneic controls. 

EXAMPLE 12 
Secretjon of Trophic Factors by Placenta-Derived Cells 

The secretion of selected trophic factors ftom PDCs was me^ured. Factors were 
selected that have angiograiic activity (i.e., hepatocyte growth factor (HGF) (Rosen et al. (1997) 
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Ciba Found. Symp. 212:215-26), monocyte chemotactic protein 1 (MCP-1) (Salcedo et al. 
(2000) Blood 96;34-40), mterleukm-8 (IL-8) ( Li et al. (2003) J. Immunol. 170:3369-76), 
keratinocyte growth factor (KGF), basic fibroblast growth factor (bFGF), vascular endothelial 
growth factor (VEGF) (Hughes et al. (2004) Ann. Thome. Surg. 77 :Sl2-8% tissue inhibitor of 
matrix metalloproteinase 1 (TIMPl), angiopoietin 2 (AISrG2), platelet derived growth factor 
(PDGF-bb), tbrombopoietin (TPO), heparin-binding epidermal growth factor (E3B-EGF), 
stromal-derived factor 1 alpha (SDF-1 alpha)), neurotrophic/neuroprotective activity (brain- 
derived neurotrophic factor (BDNF) (Cheng et al. (2003) Dev. Biol. 258;3 19-33), interleujdn-6 
(JL-6), granulocyte chemotactic protein-2 (GCP-2), transforming growth factor beta2 
(TGFbeta2)), or chemoMne activity (macrophage inflammatory protein 1 alpha (MlPla), 
macrophage inflammatory protein Ibeta (MlPlb), monocjrte chemoattractant-1 (MCP-1), Rantes 
(regulated on activation, normal T cell expressed and secreted), 1309, thymus amd activation- 
regulated chemokine (TARC), Eotaxin, macrophage-derived chemokine (MDC), IL-8). 

Methods & Materials 

Cell culture. PDCs derived fiom placenta and human fibroblasts derived from human 
neonatal fm esMn were cultured in Growth Medium (DMEM-low glucose (Gft>co, Carlsbad, CA), 
15% (v/v) fetal bovine sesrum (SH30070.03; Hyclone, Logan, UT), 50 Units/milHliter penicillin, 
50 microgram/milliliter streptomycin (Gibco)) on gelatin-coated T75 flasks. Cells were 
cryopreserved at passage 1 1 and stored in liquid nitrogen. After thawing of the cells, Growth 
Medium was added to the cells followed by transfer to a 1 5 milliliter centrifuge tube and 
centrifugation of the cells at 150 x g for 5 minutes. The supernatant was discarded. The cell 
pellet was resuspended in 4 milliliters Growtli Medium, and cells were counted. Cells were 
seeded at 5,000 cells/cm^ on aT75 flask containing 15 milliliters of Growth Medium and 
cultured for 24 hours. The medium was changed to a serum-fiee medium (DMEM-low glucose 
■ (Gibco), 0.1% (w/v) bovine serum albumin (Sigma), 50 Units/milliliter penicilhn, 50 
microgram/milliliter streptomycin (Gibco)) for 8 hours. Conditioned serum-free media was 
collected at the end of incubation by centrifugation at 14,000 x g for 5 ininutes and .stored at ~ 
20''C. To estimate the number of cells in each flask, cells were washed with phosphate-buffered 
saline (PBS) and detached usmg 2 milliliters trypsin/EDTA (Gibco). Trypsm activity was 
inhibited by addition of 8 milliliters Growth Medium. Cells were centrifiiged at 150 x g for 5 
minutes. Supernatant was removed, and cells were resuspended in 1 milliliter Growth Medium. 
Cell number was estimated using a hemocytometer. 



-87- 



wo 2005/001076 PCT/US2004/020816 

ELISA assay. Cells were grown at 37°C in. 5% carbon dioxide and atmospheric oxygen. 
PDCs (isolate 3) also were grown in 5% oxygen or beta-mercaptoethanol (BME). The amount of 
MCP-1, IL-6, VEGF, SDF-lalplia , GCP-2 , IL-8, and TGF-beta2 produced by each cell sample 
was measured by an ELISA assay (R&D Systems, Mirmeapolis, MM). All assays were 
performed according to the mamifacturer's iiMtructions. Values presented are 
picogram/milliliter/million cells (n=2, sem). 

SEARCHLIGHT Multiplexed ELISA assay. ChemoMnes (MlPla, MlPlb, MCP-1, 
Rantes, 1309, TARC, Eotaxin, MDC, ILS), BDNF, and angiogenic factors (HGF, KGF, bFGF, 
VEGF, TIMPl, ANG2, PDGF-bb, TPO, HB-EGF were measured using SEARCHLIGHT 
Proteome Arrays (Pierce Biotechnology Inc.). The Proteome Arrays are multiplexed sandwich 
BLISAs for the quantitative measurement of two to 16 proteins per well. The arrays are produced 
by jotting a 2 x 2, 3 x 3, or 4 x 4 pattern of four to 16 differesnt capture antibodies into each well 
of a 96-well plate. Following a sandwich ELISA procedure, the entire plate is imaged to c^ture 
chemiluminescent signal generated at eadi spot within each weU of the plate. The amount of 
signal generated in each spot is proportional to the amomt of target protein in the original 
standard or sample. 

' Results 

ELISA assay. MCP-1 and IL-6 were secreted by placenta-derived PDCs and dermal 
fibroblasts (Table 12-1). SDF-lalpha was secreted by placenta-derived cells cultured m 5% O2 
and by fibroblasts. GCP-2 and IL-8 were secreted by placenta-derived cells cultured in the 
presence of BME or 5% O2. GCP-2 also was secreted by human fibroblasts. TGF-beta2 was not 
detectable by ELISA assay. 



Table 12-1. ELISA assay results 





MCP-1 


IL-6 


VEGF 


SDF- 
lalpha 


GCP-2 


IL-8 


TGF- 
beta2 


Fibroblast 


17+1 


61+3 


29+2 


19+1 


21+1 


ND 


ND 


Placenta - 
isolate 1 


60+3 


41+2 


ND , 


ND 


ND 


ND 


ND 


Placenta - 
isolate 2 


125+16 


10+1 


M) 


ND 


ND 


ND 


ND 


Placenta - 
isolate 3, + BME 


21+10 


67+3 


ND 


ND 


44+9 


17+9 


ND 


Placenta — 
isolate 3, +5% 
02,W/OBME 


77+16 


339+21 


ND 


1149+137 


54±2 


265+10 


ND 



I<0y:ND: Not Detected. 
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SEARCHLIGHT Multiplexed ELISA assay. TIMPl, TPO, KGF, HGF, HBEGF, 
BDNF, MlPla, MCP-1, RANTES, TAB.C, Eotaxin, and IL-S were secreted from placenta- 
derived cells (Tables 12-2 and 12-3). No Ang2, VEGF, or PDGF-bb were detected. 



Table 12-2. SEARCHLIGHT Multiplexed ELISA assay results 



TMPl I ANG2 I PDGFbb I TPO | KGF "HGFTFGF 



VEGF I HBEGF I BDNF 



HFB 19306.3 ND 



ND 



230.5 5.0 ND ND 27.9 



24299.5 ND ND 



P3 I 14176.8 I ND j ND | 568.7 [ 5.2 | 10.2 | ND | ND [1.9 . | 33.6 
Key: hFB (human fibroblasts). PI (placentarderived cells - isolate 1), P3 (placenta-derived eel s 0 isolated). 
ND: Not Detected. 



Table 12-3. SEARCHLIGHT Miiltiplexed ELISA assay results 





MEPla 


MlPlb 


MCPl 


RANTES 


1309 


TARC 


Eotaxin 


MDC 


IL8 


HFB 


ND 


ND 


39.6 


ND 


ND 


0.1 


ND 


ND 


204,9 


PI 


79.5 


ND 


228.4 


4.1 


ND 


3.8 


12,2 


ND 


413.5 


P3 


ND 


ND 


102.7 


ND 


ND 


0.4 


ND 


ND 


63.8 


B 




s - isolate 1 


, P3 (placenta-derived cd 


s- isolate 3; 





ND: Not Detected. 



Summary. Placenta-derived cells secreted a number of trophic factors. Some of these 
tropliic fectors, such as HGF, MCP-1, and IL-8, play important roles in angiogenesis. Other 
trophic fectors, such as BDNF and IL-6, have important roles in neural regeneration. 

EXAMPLE 13 
Plasma Clotting Assay 

Cell therapy may be injected systemically for certain applications where cells are able to 
target the site of action. It is important that injected cells not cause thrombosis, which may be 
fatal. Tissue factor, a membrane-bound procoagulant glycoprotein, is the initiator of the extrinsic 
cloUing cascade, which is the predominant coagulation pathway in vivo. Tissue factor also plays 
an important role in embryonic vessel formation, for example, in the formation of the primitive 
vascular wall (Brodsky et al. (2002) Exp. Nephrol. 10:299-306). To' determine the potential for 
PPDCs to initiate clotting, placenta-derived PPDCs were evaluated for tissue factor production 
and their ability to initiate plasma clotting. 
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Methods & Materials 

Human Tissue factor. Human tissue factor SIMPLASTDSf (Organon Tekailca 
Corporation, Durham, NC), was reconstituted with 20 nulliliters distilled water. The stock 
solution was serially diluted (1 :2) in eight tubes. Normal human plasma (George King Bio- 
Medical, Overland Park, KS) was thawed at 37°C in a water bath and then stored in ice before 
use. To each well of a 96-well plate was added 100 microliters phosphate buffered saliue (PBS), 
10 microliters diluted SIMPLASTtN (except a blank well), 30 microliters 0.1 Molar calcium 
chloride, and 100 microliters of normal human plasma. The plate was immediately placed in a 
temperature-controlled microplate reader and absorbance measm-ed at 405 nanometer at 40 
second intervals for 30 minutes. 

J-82 and placenta-derived cells. J-82 cells (ATCC, MD) were grown in Iscove's 
modified Dulbecco's medium (IMDM; Gibco, Carlsbad, CA) containing 10% (v/v) fetal bovine 
serum (FBS; Hyclone, Logan UT), 1 miUiMolar sodium pyruvate (Sigma Chemical, St. Louis, 
MP), 2 milliMolai- L-Glutamin (Mediatech Heradon, VA), 1 x non-essential amiuo acids 
(Mediatech HemdU, VA). At about 70% confluence, cells were transferred to wells of 96-well 
plate at 1 00,000, 50,000 and 25,000 cells/well. Placenta-derived cells were cultured in Growth 
Medium (DMEM-low glucose (Gibco), 15% (v/v) FBS, 50 Units/milhliter penicillia, 50 
microgram/milliliter streptomycin (Gibco), and 0.001% betamercq)toethanoi (Sigma)) in gelatin- 
coated T75 flasks (Coming, Coming, NY)- Placenta-derived cells at passage 5 were transferred 
to wells at 50,000 ceUs/well. Culture medium was removed from each weU after centrifugation at 
150 X g for 5 minutes. Cells were suspended in PBS without calcium and magnesium. 

Tissue factor inhibition. Inhibition of the clotting reaction by preincubation of cells 
witli CNTO 859, an antibody to tissue factor, will demonstrate that tissue factor is responsible 
for the clotting. CeHs are incubated with 20 nriciogram/milUliter CNTO 859 (Centocor, Malvern, 
PA) for 30 minutes. Calcium chloride (30 microliter) is added to each well. The plate is 
immediately placed in a temperature-controlled microplate reader and absorbance measured at 
405 nanometer at 40 second intervals for 30 minutes. Cells are washed in PBS and detached 
from the flask with Trypsin/EDTA (Gibco Carlsbad, CA). Cells are harvested, centrifuged^ and 
re-suspended 3% (v/v) FBS in PBS at a cell concentration of IxlO' per nullUiter. Antibody is 
added to 100 microUter cell suspension as per the manufacturer's specifications, and the cells are 
incubated in the dark for 30 minutes at 4''C. After incubation, cells are washed with PBS and 
centrifiiged at 150 x g for 5 minutes to remove unbound antibody. Cells are re-suspended in 100 
microliter of 3% FBS and secondary antibody added as per the manufecturer's instructions. Cells 
are incubated in the dark for 30 minutes at 4''C. After incubation, cells are washed with PBS and 
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ceatnlUged to remove unbound secondary antibody. Washed cells are re-suspended in 500 
microliter of PBS and analyzed by flow cytometry. 



Results 

Flow cytometry analysis revealed that placenta-derived postpartum cells express tissue 
factor. Placenta-derived cells increased the clottiiig rate as indicated by the time to half maximal 
absorbance (T 'A to max; Table 13-1). The T Vi to max is mversely proportional to the number of 
J82 cells. 

Table 13-1. The effect of human tissue factor (SIMPLASTIN) and placenta- 
derived cells (Pla) on plasma clotting was evaluated. The time to half maximal 
absorbance (T 1/2 to max) at the plateau in seconds was used as a measurement 
unit. 



SIMPLASTIN Dilution 


T H to max (seconds) 


1:2 


61 


1:4 


107 


1:8 


147 


1:16 


174 


1:32 


266 


1:64 


317 


1:128 


378 


0 (negative control) 


1188 






J-82 cells 




100,000 


122 


50,000 


172 


25,000 


275 






PlaP5 




50,000 


757 



Summary. Placenta-derived cells express tissue factor. Tissue factor is nomally found 
on cells in a conformation that is inactive but is activated by mechanical or chemical {e.g., LPS) 
stress (Salcai-ias.sen etal. (2001) Tltromb. Res. 104:149-74; Engstade?a/. (2002) Int. 
Immunopharmacol. 2: 1585-97), Thus, imninoization of stress during the preparation process of 
PDCs may prevent activation of tissue fector. In addition to the thix>mbogenic activity, tissue 
factor has been associated with angiogenic activity. Thus, tissue factor activity may be beneficial 
when placenta-derived cells are transplanted in tissue but should be inhibited when PDCs are 
injected intravenously. 
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Example 14 

DifferentiatlQii of Placenta-Derived Cells into Hepatocytes 

A variety of conditions were examined to determine a suitable condjination of basic 
media and growth factors for the differentiation of placenta-derived cells into hepatocytes. HNF- 
1 alpha, a hepatocyte-specific transcription factor, cytoplasmic intermediate filament proteins 
such as keratin 19 (K19), keratin 8 (K8), and cytokeratia 18 (CK18), which are markers of 
epithelial cells and two liver-specific secreted proteins, alpha-fetoprotein (alphaFP), and alburmn 
were selected as markers for hepatocyte differentiation (Schwartz et al (2002) J. Clin. Invest. 
109(10):1291-i302; Okumoto et al. (2003) Biochem. Biqphys. Res. Commun. 304(4):691-695; 
Chargracui et al (2003) Blood 101(8): 2973-2982). 

Methods & Materials 

Placenta-derived cells isolated according to the mediod described in Example 1, as well 
as neonatal or aduh Normal Human Dermal Fibroblasts (NHDF) were grown ia Growth medium 
(DMEM-low glucose (Gibco, Carlsbad, CA), 15% (v/v) fetal bovitie serum (Cat, #SH30070.03; 
Hyclone, Logan UT), 0.001% (v/v) beta-mercaptoethanol (Sigma, St. Louis, MO), 50 
Units/milHliter penicillin, 50 microgram/miUiliter streptomycin (Gibco)), in a gelatin-coated T75 
flask. Basic Fibroblast Growth Factor (bFGF), Oacostatin M, Hepatocyte Growth Factor (HGF), 
Stem Cell Factor (SCF), and Fibroblast Growtii Factor 4 (FGF 4) were from PeproTech Inc. 
(Rocky Hill, NJ). Platelet Derived Growth Factor BB (PDGF-BB) was fiom R&D Systems 
(Minneapohs, MN). 

The following conditions were tested: 

Method 1 

Placenta-derived celb (P2) (predominately neonatal as analyzed by karyotyping), 
neonatal and adult Noimal Human Dermal Fibroblasts (NHDF). Cells were plated at 22.5 x 10^ 
cells/cm^ on 1% MATRIGEL (BD Discovery Labware, Bedford, MA) (Becton-Dickinson and 
Co., Franklin Lakes, NJ) in serum-fiee medium (60% (v/v) low glucose DMEM) (DMEM-LG; 
Gibco, Carlsbad, CA), 40% (v/v) MCpB-201 (Sigma, St Louis, MO), supplemented with Ix 
insulin/transferrin/selenium, 4.7 microgram/milliliter linoleic acid, 1 milligram/milUliter boviae 
serum albumin, 10 nanoMolai Dexatnethasone, 100 microMolar ascorbic acid phosphate (all 
from Sigma), 100 Units/milhliter penicillin, 100 Units/milhliter streptomycin (Gibco), 2%. (v/v) 
FCS (Hyclone Laboratories, Logan, UT), and 1 0 nanogram/milliliter each EGF and PDGF-BB). 
After 8 to 12 hours, medium was removed, cells were washed twice with PBS (Gibco) and 
cultured in the above-described mediom without EGF and PDGF-BB but supplemented with 20 
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nanogram/milliliter HGF and/or 10 nanogram/immiiterFGF-4 (Schwartz et ah (2002) J, Clin, 
Invest. 109(10): 1291-1302). Cells were cultured in standard air with 5% CO2 at ^TC. 
Method 2 

Placenta-derived cells (P2) (predominately neonatal as analyzed by karyotyping), 
neonatal and adult NHDR CeUs were seeded at 22,500 cells/cm^ in 24-weU plates coated with 
gelatin and grown as described above. 1 

Method 3 

Placenta-derived cells (PIO), adult NHDF, Placenta-derived cells (P3). Cells were 
seeded at high density (50,000 cells/cm^) in 24-well TCP plates and grown in DMEM (Gibco), 
B27 Supplement (Gibco), 50 Units/milliliter penicilho, 50 microgram/milliliter stieptomycin, 20 
nanograms/milHUter HGF and/or 10 nanograms/milliliter FGF-4. Cells were grown in tiiese 
conditions for 4 weeks. ^ 

Method 4 

Place?ita-derived cells (P3), Placenta-derived cells (P15), Placenta-derived cells (P2) 
(predominately neonatal as analyzed by karyotyping. Placenta-derived cells (PS) 
(predominately neonatal as analyzed by karyotyping). Placenta-derived cells (P5) 
(predominately maternal as analyzed by karyotyping, neonatal and adult NHDF. Cells were 
seeded at a density of 5,000 cells/cm^ in T25 flasks in Chang C medium (Irvine Scientific, Santa 
Ana, CA) on either fibronectin (PeproTech, Rocky Hill, NJ) or gelatin (Sigma) and grown for 
two passages until confluence. Cells were then seeded at 1,000 cells/cm^ in 24-well TCPS plates 
and grown as described above until they reached about 40-60% confluence. 

Method 5 

Placenta-derived cells (P2) (predominately neonatal as analyzed by karyotyping, and 
adult NHDF. CeUs were plated in 24-well plates on gelatin in Growth medium supplemented 
with either 1 nanogram/milliliter or 10 nanogram/milliliter oncostatin M (Chargracui (2003) 
B/ootZ 101(8): 2973-2982). Cells were grown in these conditions for 4 weeks.. 

Method 6 

Placenta-derived cells (P2) (predominately neonatal as analyzed by laxryotyping), and 
adult NHDF. Cells were plated in 24-well plates on gelatm in Growth medium supplemented 
with 10 nanograra/milUHter bFGF, 10 nanogram/milliliter HGF, 10 nanogram/niilliliter SCF. 
Cells were grown in these conditions for 4 weeks (Okumoto et aL (2003) Biochem. Biophys. Res. 
Com»iM«. 304(4):691-695.). 

Total RNA isolation and quantitative RT-PCR. UNA was extracted from placenta- 
derived cells and fibroblasts grown as described in each protocol CeUs were lysed with 350 
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microliter buffer RLT containing beta-mercaptoethanol (Sigma St. Louis, MO) according to the 
manufacturer's instructions (RNeasy Mini Kit, Qiagen, Valencia, CA) and RNA extracted 
according to the manufacturer's instructions (RNeasy Mini Kit, Qiagen, Valencia, CA) with a 
2.7 Units/sample DNase treatment (Sigma). RNA was eluted with 50 microUter DEPC-treated 
water and stored at -80°C. RNA was reverse transcribed using random hexamers with the 
TaqMan reverse transcription reagents (AppHed Biosystems, Foster City, CA) at 25°C for 10 
minutes, 37°C for 60 minutes, and 95°C for 10 minutes. Samples were stored at --20°C. 

Real-time PCR. PGR was performed on cDNA samples using ASSSAYS-ON- 
DEMAND gene expression products for albumin (Hs0060941 1), cytochrome p450 2B6 
(HsOOl 67937), GAPDH (Applied Biosystems, Foster City, CA) and TaqMan Universal PCR 
master mix according to the manufacturer's instructions (Applied Biosystems, Foster City, CA) 
using a 7000 sequence detection system with ABI prism 7000 SDS software (Apphed 
Biosystems, Foster City, CA). Thermal cycle conditions were initially 50°C for 2 min and 95°C 
for 10 minute followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. PCR data 
were analyzed according to mann&cturer's specifications (User Bulletin #2 &om Applied 
Biosystems for ABI Prism 7700 Sequence Detection System). 

Immunofluorescence. Cell cultures were fixed witli cold 4% (w/v) paraformaldehyde 
for a period of 10 minutes at room temperature. Lnmunocytochemistry was performed using 
antibodies directed against the following epitopes: keratin 8 (K8;l:400; Chemicon, Temecula, 
CA), keratin 19 (K19; 1:400; Chemicon), cytokeratin 18 (CK18; 1:400; Sigma, St Louis, MO), 
vimentin (1:500; Sigma), desmin (1:150; Sigma), albumin (1:200; Sigma), c-mct (1:400; Santa 
Cruz Biotech, Santa Cruz, CA), and HNF-lalpha (1:400; Santa Cruz Biotech). In general, 
cultures were washed with phosphate-buffered saline (PBS) and exposed to a protein blocking 
solution containing PBS, 4% (v/v) goat serum (Chemicon, Temecula, CA), and 0.3% (v/v) Triton 
(Triton X-100, Sigma) for 30 minutes to access intracellular antigens. In instances where the 
epitope of interest would be located on the cell surface (c-met), triton was omitted in all steps of 
the procedure in order to prevent epitope loss. Primary antibodies, diluted in blocking solution, 
were then applied to the cultures for a period of 1 hour at room temperature. Next, primary 
antibody solutions were removed and cultures washed with PBS prior to application of 
secondary antibody solutions (1 hour at room temperature) containing blocking solution along 
with goat anti-mouse IgG- Texas Red (1:250; Molecular Probes, Eugene, OR) for K8, K19, 
CK18, vimentm, aud albumin, goat anti-rabbit IgG - Alexa 488 (1 :250; Molecular Probes) for 
desmia and c-met, or donkey anti-goat IgG -FITC (1:150; Santa Cruz Biotech) for HNF-lalpha 
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Staining. Cultures were washed and 10 microMolar DAPI (Molecular Probes) was applied for 10 
minutes tovisualize cell nuclei. " 

Following imnmnostaining, fluorescence was visualized using the appropriate 
fluorescence filter on an OIjti^us inverted epi-fluorescent microscope (Olympns, Melville, NY). 
Representative images were captured using a digital color videocamera and ImagePro software 
(Media Cybernetics, Carlsbad, CA)- For triple-stained samples, each image was taken using 
only one emission filter at a time. Layered montages were then prepared using Adobe Photoshop 
software (Adobe, San Jose, CA). 

Results 

In order to determine whether placenta-derived cefls could express epithelial markers, 
cells were cultured in Chang C medium. Placenta-derived cells (P4), (P3), and (P8) were grown 
in Chang C medium for 1 1 days. Placenta-derived cells stained positive for cytokeratin 18 by 
immunocytochemistry analysis. None of the samples stained positive for keratin 8. Samples 
grown in Growth medium were negative for both markers. 

The efiect of early and late passages as well as gelatin and fibronectin substrata was 
investigated. Cells were grown in Chang C medium for 1 1 days. RNA and protein expression of 
epithehal/hepatocyte-specific proteins were analyzed. Irmnunocytochemistry staining for 
cytokeratinlS, keratin 8, keratin 19, c-met, albumin, desmin, and HNF-1 alpha were negative in 
all conditions. CeUs stained positive for vimentin. Expression of boHi albumin and cytochrome 
p450 2B6 at levels lower than that of human HepG2 cells was detected with assay-on-demmd 
primers . Albumin and cytochix>me p450 2B6 expression also were detected in cells grown in 
Gi-owth medium. 

Placenta-derived cells were treated as described in method 1 according to a protocol 
developed by Schwartz et ah (^002) J. Clin. Invest 109(10); 1291-1302.). Both albumin and 
cytochrorhe p450 2B6 were detected with assay-on-demand primers at levels lower than HepG2 
positive control. No clear pattern emerged between conditions applied and gene expression 
levels, i.e., albumin and cytochrome p450 2B6 expression was also detected in control samples. 
Some expression of albumin and cytochrome p450 2B6 was detected with ASSAY-ON- 
DEMAND primers however the levels were significantly lower than tliose observed in human 
HepG2 cells. 

Onco statin M at low concentration of 1 nanogram/milliUter increased ej5)ression levels of 
cytochrome p450 2B6 in placenta-derived cells grown in Growth medium on gelatin-coated 
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flasks. FGF-4 and HGF treatment had little effect and may have reduced the expression of 
albumin and cytochrome p450 2B6. 

Summary. Several differentiation protocols were tested for ability to induce 
differentiation of placenta-derived cells to hepatocyte phenotype. Expression of hepatocyte- 
specific markers such as albimiih and cytochrome p450 2B6 was detected, thereby indicating that 
the cells underwent some differentiation into hepatocytes. Placenta-derived cells cultured in 
Chang C medium expressed cytokeratin 18, a marker of epithelial cells in the lower or pancreatic 
ducts. 

EXAMPLE 15 

Differentiation of Placenta-Derived Cells to an Osteogenic Phenotype 

Mesenchymal stem cells (MSCs) derived firom bone marrow have been demonstrated to 
reproducibly differentiate into osteoblast-like cells that nmieralize and express alkaline 
phosphatase. Additional markers expressed by osteoblasts, such as osteocalcin and bone 
sialoprotein, have been used to demonstrate differentiation into an osteoblast-hke cell. The 
ability of placenta-derived cells to differentiate into an osteogenic phenotype was evaluated by 
culturing in an osteogenic medium and addition of bone moiphogenic proteins (BMP) -2 
(Richard et al (1994) Dev. Biol. 161,:218-228) or -4 and transforming growth factor betal. 

Methods & Materials 

Culture of cells. Prior to initiation of osteogenesis, Mesenchymal Stem Cells (MSQ 
were grow in Mesenchymal Stem Cell Growth Medium Bullet kit (MSCGM, Cambrex, 
WaUcerville, MD). Other cells were cultured in Growth medium (DMEM-low glucose (Gibco, 
Carlsbad, CA), 15% (v/v) fetal bovine serum (SH30O70.03; Hyclone, Logan, UT), 0.001% (v/v) 
betamercaptoethanol (Sigma, St. Louis, MO), 50 Units/milliHter penicillin, 50 
microgram/milliliter streptomycin (Gibco)) in a gelatin-coated T75 flask and were washed with 
phosphate buffered saline (PBS). 

Osteoblasts (9F1721; Cambrex) were grown in osteoblast growth medium (Cambrex) and 
UNA was extracted as described below. 

Osteogenesis 

Protocol 1. Placenta-derived cells (P3) and (P4) (previously karyotyped and shown to be 
predominantly neonatal-derived cells) and MSCs (P3) were seeded at 5 x 10^ cells/cm^ in 24- 
well plates and 6-well dishes in Growth medium and incubated overnight. The medium was 
removed and replaced with Osteogeaiic medium (DMEM-lbw glucose, 10% (v/v) fetal bovine 

-96- 



wo 2005/001076 PCT/nS2004/020816 

serum, 10 milliMolar betaglycerophosphate (Sigma), 100 nanoMolar dexamethasone (Sigma, St 
Louis, MO), 50 microMolar ascorbate phospliate salt (Sigma), flingizone (Gibco), 50 
Units/milliliter penicillin, 50 microgram/milliHter streptomycin (Gibco)). Osteogenic medium 
was supplemented wijh 20 nanogram/milliliter TGF-betal (Sigma), 40 Danograna/miUiHter 
hrBMP-2 (Sigma) or 40 nanogram/milliliter lirBMP-4 (Sigma). Cultures were treated for a total 
of 14, 21 , and 28 days, with media changes every 3-4 days. 

Protocol 2. Placenta-derived cells were tested for the ability to differentiate into an 
osteogenic phenotype. Placenta-derived cells (P4) were seeded at 30,000 cells/well of a 6-welI 
plate (gelatin-coated) in Growth medium. Mesenchymal stem cells (MSG) (P3 and P4), 
fibroblasts (PI 1), and ileac crest bone marrow cells (P3; International PCT Publication No. 
WO03/025 149) were seeded at 30,000 cdis/well of a 6 well plate (gelatin-coated) in 
mesenchymal stem cell growth medium (MSCGM, Cambrex) and Growth medium, respectively. 

Osteogenic induction was initiated by removing the initial seeding media (24 h) and 
replacing it with osteogenic induction medium: DMEM-low glucose, 10% fetal bovine serum, 10 
millimolar betaglycerophosphate (Sigma), 100 nanoMolar dexamethasone (Sigma), 50 
microMobr ascorbate phosphate salt (Sigma), 50 Units/milliliter penicillin, 50 
micrograna/milliliter streptomycin (Gibco). ha some conditions, osteogenic medium was 
supplemented with hnman recombinant (hr) BMP-2 (20 nanogram/miMiter) (Sigma,) or 
hriBMP-4 or with both hrBMP-2 (20 nanogram/milliliter) and hrBMP-4 (20 naaogram/milliliter) 
(Sigma). Cultures were treated for a total of 28 days with media changes every 3-4 days. 

RJSfA extraction and Reverse Transcription. Cells were lysed with 350 microliter 
buffer RLT containing betamercaptoethanol (Sigma, St. Louis, MO) according to the 
manufacturer's instructions (RNeasy Mini Idt, Qiagen, Valencia, CA) and stored at -80°C. Cell 
lysates were thawed and RNA extracted according to the manufacturer's instructions (RNeasy 
Mini Idt, Qiagen, Valencia, CA) with a 2.7 Unit/sample DNase treatment (Sigma St. Louis, MO). 
RNA was eluted with 50 micoliter DEPC-treated water and stored at -80°C. PNA was reverse 
transcribed using random hexamers with the TaqMan reverse transcription reagents (Applied 
Biosystems, Foster City, CA) at 25''C for 10 minutes, 37°C for 60 minutes, and 95°C for 10 
minutes. Samples were stored at -20"'C. 

PCR. PGR was performed on cDNA samples using ASSAYS-ON-DEMAND gene 
KLpression products bone sialoprotein (Hs00173720), osteocalcin (Hs00609452), GAPDH 
(Applied Biosystems, Foster City, CA), and TaqMan Universal PCR master mix according to the 
manufacturer's instructions (Applied Biosystems, Foster City, CA) using a 7000 sequence 
detection system with ABI prism 7000 SDS software (Applied Biosystems, Foster City, CA). 
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Theomal cycle conditions were initially 50°C for 2 minutes and 95°C for 10 minutes followed by 
40 cycles of 95°C for 15 seconds and 60°C far 1 minute. 

v<m Kossa Staining. Cells were fixed with 10% (y/v) neutral buffered formalin 
(Richard-Allan, Kalamazoo, Ml). After fixation, the cells were washed in deionized water and 
incubated in 5% (w/v) silver nitrate (Aldrich Chemical Company Milwaukee, WI) for one hour 
in direct sunlight. Cells were washed in deionized water and incubated in 5% (w/v) sodium 
thiosulfate (EM Sciences, Gibbstown, NJ) for five minutes. Cells were then washed in distilled 
water and examined by light microscopy.. 

Results 

Protocol 1. RNA extracted from osteoblasts was used as a positive control for the real- 
time gene expression of osteocalcin and bone sialoprotein. Osteoblast expression levels of 
osteocalcin and BSP relative to placenta-derived cells grown ia growth medium were 2.5- and 
8000-fold, respectively. MSCs grown in the osteogenic medium mineralized and gave positive 
von Kossa staining . MSC expression of osteocalcin and BSP was significantly increased in 
osteogenic medium at 21 days . The addition of BMP-2 and ~4 enhanced BSP expression but had 
no effect on osteocalcin expression . TGF-betal did not augment the effect of osteogenesis 
medium. Extensive mineralization was observed with one placenta sample (P4) that had 
predominantly neonatal-derived cells. Placenta-derived cells (P3) showed induction of BSP 
expression levels in osteogenic media and low levels of osteocalcin induction. BMP-4 and TGF- 
betal increased osteocalcin expression by placenta-derived cells (P3). 

Protocol 2. Osteogenic differentiation, as shown by positive von Kossa staining for 
mineralization, was observed with placenta-derived cells (P4) and ICBM (P3) incubated with 
osteogenic medium supplemented with BMP2 or 4, and MSCs (P3) incubated witli osteogenic 
medium supplemented with BMP 4 (Table 15-1). None of the other cells differentiated into the 
osteogenic phenotype and stained by von Kossa. To ensure that von Kossa staining was related 
to the cell and not extracellular matrix, cells were counterstained with nuclear fast red. This stain 
demonstrated large lipid di^oplets in some MSCs consistent with an adipocyte phenotype. This 
suggests that MSCs do not differentiate specifically into an osteogenic phenotype in these 
conditions. Furthermore, the level of adipogenesis was seen to increase when MSCs were 
incubated in osteogenic medium supplemented with either BMP2 or BMP4 . 

Table 15-1 : Results of osteogenic differentiation using von Kossa staining for 
Protocol 2. Placenta-derived cells (Pla), mesenchymal stem cells (MSC), 
fibroblasts (Fib), and ileac crest bone marrow cells (ICBM) cells were cultured in 
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osteogenic medium (OM) alone or supplemented with BMP2 or BMP2 and 
BMP4. 



Number 


Cell Line 


Conditions 


VonKossa 


Comments 


1 


ICBMP3 


Osteogenic 
medium (OM) 


Neg 


Normal 02 


2 


ICBMP3 


0M,BMP2 


Pos 


Normal 03 


3 


ICBMP3 


OM, BMP4 


Pos 


Normal 04 


4 


MSG 


Osteogenic 
medium (OM) 


Neg 


lots of fat 


5 


MSG 


0M,BMP2 


Neg 


lots of fat 


6 


MSG 


0M,B^dP4 


Pos 


lots of fat 


7 


PlaP4 


Osteogenic 
medium (OM) 


Neg 




8 


PlaP4 


0M,BMP2 


Pos 




9 


PlaP4 


0M,BMP4 


Pos 




10 


MSCP4 


Osteogenic 
medium (OM) 


Neg 


Fat 


11 


MSCP4 


OM,BMP2 


Neg 


Fat 


12 


MSCP4 


OM, BMP2, 
BMP4 


Neg 


Fat 


13 


PlaP4 


Osteogenic 
medium (OM) 


Neg 




14 


PlaP4 


OM, BMP2 


Neg 




15 


PlaP4 


OM, BMP2, 
BMP4 


Neg 




16 


FiblF1853 Pll 


Osteogenic 
medium (OM) 


Neg 




17 


Fibm853 PU 


0M,BMP2 


Neg 




18 


FiblF1853Pll 


0M,BMP2, 
BMP4 


Neg 





Summary. Bone marrow-derived MSCs (Kadiyala et al (1997) Cell Transplant.6:l25- 
34) as well as cells derived from other tissue such as adipose (Halvorsen et al (2001) Tissue 
Eng. 7:729-41) have been shown to differentiate into an osteoblast-like cell. MSCs have also 
been shown to differentiate into adipocytes or osteoblasts in response to BMPs (Chen et al. 
(1998) / Cell Biol 142:295-305) due to differential roles for bone morphogenic protein (BMP) 
receptor type IB and lA. Placesnta-deiived cells are also capable of expressing an osteoblast-like 
phenotype as previously observed with bone marrow-derived mesenchymal stem cells (MSCs) 
when placed in osteogenic medium containing dexamethasone, B-glycerophosphate, and 
ascorbic acid. Several experiments were conducted with different isolates to detennine whether 
there was mineralization of the cultured cells by von Kossa staining and expression of bone 
sialoprotein (BSP) and osteocalcin, which are expressed in osteoblasts. Following induction of 
osteogenesis, MSCs were demonstrated to mineralize and stain with von Kossa and also have 
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increased inRNA levels of bone sialoprotein and osteocalcin ejqjression using real-time relative 
quantitation. Numerous MSCs also formed lipid droplets in the cytoplasm similar to adipocytes. 
Placenta-derived cells (predominantly neonatal cells) showed extensive mineralization and 
induction of BSP and osteocalcin in osteogenic medium, which was enhanced at 21 days with 
BMP-2or-4. 

EXAMPLE 16 
Chondrogenic Differentiation ol Placenta-Derived Ceils 

Placenta-derived cells were tested for their ability to differentiate mto chondrocytes in 
vitro in two different assay systems: the pellet assay culture system and collagen gel cultures. 
The pellet culture system has been used successfully with selected lots of human mesenchymal 
stem cells (MSG). MSG grown in this assay and treated with transforming growth factor-beta3 
have been shown to differentiate into chondrocytes (Johnstone, et al. (1998) Exp. Cell Res. 
238:265-272). The collagen gel system has been used to culture chondrocytes in vitro 
(Gosiewska, et al. (2001) Tissue Eng. 7:267-277.). Chondrocytes grown under these conditions 
form a cartilage-like structure. 

Materials and Methods 

Cell Culture Human placentas were received and cells were isolated as described 
(Example 1). Cells were cultured in Growth medium (Dulbecco's Modified Essential Media 
(DMEM), 15% (v/v) fetal bovine serum (Hyclone, Logati UT), 50 Units/millihter penicillm, 50 
microgram/miUiliter streptomycm (Eavitrogen, Carlsbad, CA), 0.001% (v/v) 2-mercaptoethanol 
(Sigma, St. Louis, MO)) on gelatin-coated tissue culture pl^tic flasks. The cultures were 
incubated at 37° C with 5 % GOj. For use in experiments, cells were between passages 4 and 12. 

Human articulai- chondrocytes were purchased fi:om Cambrex (Walkersville, MD) and 
cultured in the same media as the placenta-derived cells. Twenty-four hours before the 
e3cperiment, the culture media was changed to a media containing 1% FBS. 

Human mesenchymal stem cells (MSCs) were puithased from Cambrex (Walkersville, 
MD) and cultured in MSCGM (Cambrex). Cells used for experiments were between passages 2 
and 4. 

Collagen gel assays. Cultured cells were trypsmized to remove jQrom culture plate. Cells 
were washed with centrifugation twice atSOOxgforSmmin DMEM without serum and 
counted. Cells were mixed with the followmg components at the final concentrations listed: rat 
tail collagen (1 milligram/milliliter , BD DiscoveryLabware, Bedford, MA), 0.01 Normal NaOH, 
- 100 - 
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and OioBadiogenic medium (DMEM, 100 Units/milliliterpemdUin, 100 microgram/milliliter 
streptomycin, 2 njillimolar I^Glutamine, 1 Dodllimolar Sodium Pyruvate, 0.35 millimolar L~ 

Proline, ICQ nanoMolar dexamethasone, 0.17 millimolar L-Ascort)ic Acid, 1 % (y/v) ITS 
(insulin, transferrin, selenium) (all components from Sigma Chemical Company)). The cells 
were gently mixed with the medium, and the samples were aliquoted into individual wells of a 
24-well ultra-low cluster plate (Coming, Coming, NY) at a concentration of either 2x10^ per 
well or 5 X 10^ per well. Cultures were placed in an incubator and left undisturbed for 24 to 48 
hows. Medium was replaced with fresh chondrogenic medium supplemented with appropriate 
growth factor every 24-48 hours. Samples were allowed to culture for up to 28 days at which 
time they were removed and fixed in 10% (v/v) formalin (VWR Scientific, West Chester, PA) 
and processed for histological examination. Samples were stained with Safranin O or 
hematoxyliu/eosin for evaluation. 

Pellet culture assays. Cultured cells were trypsmized to remove from the culture plate. 
Cells were washed with centriftigation tv/ice at 300 x g for 5 minutes in DMEM without serum 
and counted. Cells were resuspended in fresh chondrogenic medium (described above) at a 
concesntration of 5 x 10^ cells per milliliter. Cells were aliquoted into new polypropylene tabes 
at 2.5 X 10^ cells per tube. The appropriate samples were then treated with either TGF-beta3 (10 
nanogram/milliliter, Sigma) or GDF-5 (100 nanogram/millilitear, R&D Systems, Minneapolis, 
MN) as growth factor. Cells were then centrifiiged at 150 x g for 3 minutes. Tubes were then 
transferred to the incubator and left undishirbed for 24 to 48 hours in standard atmosphere with 5 
% CO2 at 37 °C and. Media was replaced with fresh chondrocyte cell media and growth fector, 
wheare appropriate, every 2 to 3 days. Samples were allowed to culture for up to 28 days at 
which time they were removed and fixed and stained as described above. 

Results 

Safranin O stains of cell pellets of placenta-derived cells treated with TGF-beta3 and 
GDF-5 showed positive Safranin O staining as compared to corrtrol cells, indicating 
glycosoaminoglycan. Placenta-derived cells also showed some chbndrocyte-lilce morphology. 

Summary. The results of the present study show that the placenta-derived cells partially 
differentiated into chondrocj'tes in vitro in the pellet culture and the collagen gel assay systems, 
as evidenced by glycosaminoglycan expression and similarity of cell morphology to cartilage 
tissue. 

EXAMPLE 17 

Evaluation of Chondrogenic Potential of Placenta-Derived Cells 
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in an In Vitro Pellet Culture Based Assay 

! 

This example describes evaluation of tiie chondrogenic potential of cells derived from 
placental tissue using in vitro pellet culture based assays, Cells derived from placenta at eariy 
passage (P3) and late passage (P12) were used. The chondrogemc potential of the cells was 
assessed in pellet culture assays, under chondrogenic induction conditions, in medium 
supplemented with transforming growth fector beta-3 (TGF beta -3), rhGDF-5 (recombinant 
human growth and differentiation factor 5) or a combination of both. 

Materials & Methods 

Reagents. Dulbecco's Modified Essential Media (DMEM), Penicillin and Streptomycin, 
were obtained from Invitrogen, Carlsbad, CA. Fetal calf serum (FCS) was obtained from 
HyClone (Logaii, UT). Mesenchymal stem cell growth medium (MSCGM) and hMSC 
chondrogenic differentiation bullet kit were obtained from Biowhittaker, Walkersville, MD. 
TGF beta -3 was obtained from Oncogene research products, San Diego, CA. rhGDF-5 was 
obtained from Biopharm, Heidelberg, Gennany (WO96013 16 Al, US5994094 A). 

Cells. Human mesenchymal stem cells (Lot# 2F1656) were obtained from Biowhittaker, 
Wallcersville, MD and were cultured in MSCGM according to manufecturer's instructions. This 
lot has been tested previously, and was shown to be positive in the chondrogenesis assays. 
Human adult and neonatal fibroblasts were obtained from American Type Culture Collection 
(ATCC), Manassas, VA and cultured in growth medium (Dulbecco's Modified Essential 
supplemented with 15% (v/v) fetal bovine serum, 100 Units/milliliter penidUiu, 1 00 
microgram/milliliter streptomycia and 0.001 % (v/v) 2-mercaptoethanol (Sigma, St Louis, MO) 
on gelatin-coated tissue culture plastic flasks. Placenta-derived cells (Lot# 071003Plac) were 
utilized Cells were cultured in Growth medium similar to fibroblasts. The cell cultures were 
incubated at 37 °C with 5 % CO2. Cells used for experiments were at passages 3 and 12. 

Pellet cultare assay. For pellet cultures, O-lSxlO*^ cells were placed in a 1 5 milliliter 
conical tube and centrifiiged at 150xg for 5 minutes at room temperature to form a spherical 
pellet accordiag to protocol for chondrogenic assay from Biowhittaker.. Pellets were cultured in 
chondrogenic induction, medium containing TGF beta -3(10 nanogram/milhliter), rhGDF-5 
(500 nanogram/milliliter), or a combination of TGF beta -3 (10 nanogram/milliliter), and rhGDF- 
5 (500 nanogram/millihter) for three weeks. Untreated confrols were cultured in growth 
medium. During culture, pellets were re-fed with fresh medium every other day. Treatment 
groiq)S included tlie following: 
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Treatment Grpup 

A. Placenta-derived cells early passage (P EP) + rliGDF-5 

B. Placenta-derived ceBs late passage (P LP) + rhGDF-5 

C. Human Mesenchymal Stem cells (HMSC) + rliGDF-5 

D. Human adult fibroblast cells (RAF) + rliGDF-5 

E. Placenta-derived cells early passage (P BP) + TGF beta -3 

F. Placenta-derived cells late passage (P LP) + TGF beta -3 

G. Human Mesenchymal Stem cells (HMSC) + TGF beta -3 
J. Human adult fibroblast cells (HAF) + TGF beta -3 

1. Placenta-derived cells early passage (P BP) + rhGDF~5+ TGF beta -3, n=l 
J. Placenta-derived ceUs late passage (P LP) + rhGDF-5+ TGF beta -3 
K. Himian Mesenchymal Stem ceUs (HMSC) + rhGDF-5+ TGF beta -3 
L. Human adult fibroblast ceUs(HAJF) + rhGDF-5+ TGF beta -3 
M. Human neonatal fibroblast cells (HNF) + rhGDF-5+ TGF beta -3 
N. Placenta-derived cells earlypassage (PEP) 
O . Placenta-derived cells late passage (P LP) 
P. Human Mesenchymal Stem cells (HMSC) 
Q. Human adult fibroblast cells (HAF) 

Histology of in vitro samples. At the end of the culture period pellets were fixed in 10% 
buffered formalin and sent to MPI Research (Mattawan, MT) for paraffin embedding, sectioning, 
and staining with Hematoxylin /Eosm (H/E) and Safi-anin O (SO) staimng. 

Results 

Placenta-derived cells, MSCs and fibroblasts formed cell pellets in chondrogenic 
induction medium with the different growth factors. The size of the pellets at the end of culture 
period varied among tbe different cell types. Peliels formed with the placental cells were similar 
in size, or slightly larger than, those formed by MSCs and fibroblasts. Pellets formed with all 
cell types and cultured in contol medium weare smaller than pellets cultured in chondrogenic 
induction medium. 

Examination of cross sections of pellets stained with H/E and Safi-anin-0 provided some 
indication that placenta-derived cells at early and late p^age may have the potentiai to undergo 
ehondrogenic dijEferentiation. Chondrogenesis as assessed by cell condensation, ceil morphojogy 
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and Safranin 0 positive staimng of matrix was indistinct in tiie placenta-derived cells cultured in 
chondrogenic induction medium siqxplemented with TGF beta -3, rhGDF-5, or both. However, 
tWs may be due to tiie fact that chondrogenic induction conditions were optiinized for MSCs, not 
for postpartiim-derived cells, and it should be noted that control pellets cultured in growth 
medium showed no evidence of chondrogenesis. Moreover, distinct cell populations were 
observed hi placenta-derived cells at both passages located apically or centrally. Some cell 
condensation was observed with fibroblast, but it was not associated with Safiranin O staining. 



EXAMPLE 18 
Adipogenic Differentiation of Placenfa-Dcrived Cells 

Stromal populations of stem cells have been demonstrated to differentiate into an 
adipogenic phenotype (Janderova et al. (2003) Obes. Res. 1 l(l):65-74; Zangani et al. (1999) 
Differentiation 64(2):91-101; Liu etal..(2003) Curr. Mol. Med. 3(4):325-40). The potential of 
placenta-derived cells to differentiate into an adipogenic phenotype was examined. 

Methods & Materials 

Adipose differentiafion. Placenta-derived cells (P3) werejseeded at 200,000 cells per 
well on 6"Well tissue culture-treated plates in growth raedi\mi ((DMEM.Low glucose 
(hivitrogen, Carlsbad, CA), 15 percent (v/v) defined bovine serum (Hyclone, Logan, UT; 
Lot#AM) 18475), 0.001 percent 2-mercaptoethanol (Sigma, St. Louis, MO), 100 Units/milliHter 
penicillin, 100 microgram/milliliter streptomycin, 0.25 micrograms per milliliter amphotericin B; 
Invitrogen, Carlsbad, CA). Mesenchymal stem cells (P3, IF2155), osteoblasts (P5, CC2538; 
Cambrex, Walkerville, MD), omental cells (P6) (isolated from omental tissue firom NDRI, 
following protocol used for placenta-derived cell isolation in Example 1), adipose-derived cells 
(U.S. Patent No. 6,555,374 Bl) (P6), and jfibroblasts (P6, CC2509) (Cambrex, Walkerville, MD) 
were also seeded mider tlie same conditions. Prior to initiation of osteogenesis. Mesenchymal 
Stem Cells were grown in a Mesenchymal Stem Cell Growth Medium Bullet kit (Cambrex, 
Walkerville, MD). After 2 days, spent medium was aspirated off and cells were washed with 
phosphate buffered saline (PBS). At this point, medium was switched to Dulbecco's minimal 
essential medium-high glucose (DMEM-Hg; Invitrogen, Carlsbad, CA) containing 10 percent 
FBS (v/v, Hycione, Logan UT), 0.02 milHgrams per milhhter insulm (Sigma, St. Louis, MO), 
and 100 Units/milliliter penicillin, 100 microgram/millihter streptomycm, 0.25 micrograms per 
milhhter amphotericm B; hivitrogen, Carlsbad, CA). Once the cells had reached confluence, 
spent medium was aspirated off. Cells were then cultured m an adipose differentiation medium 
-104- 
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PMEM-Hg (Iiivitrogea, Carlsbad, GA), ccxnteiining 10 pesrcent defined fetal bovine serum ((v/v), 
Hyclone, Logan, UT), 0.02 milKgrams per milliliter insulin (Sigma, St Louis, MO) and 100 
Umts/tniUiliter peoicillin, 100 micrograms/milliliter streptomycin, and 0.25 roicrograms/niilltlitesr 
amphotericin, 5 micromoiar isobntylmethylxanthine (Sigma, St. Louis, MO), 100 micromolar 
dexamethasone (Sigma, St. Louis, MO), and 2.5 micromolar indomethacin (Sigma, St. Louis, 
MO) for up to 4 weeks. Cells were stained with Oil-Red-0 to determine the presence of lipid 
droplet formation. 

Oil Red O Staining. Cells were fixed with 10 percent (v/v) neutral buffered foimalin 
(Richard- Allan Kalamazoo, MI), After fixation, the cells were washed in deionized water and 
incubated for two minutes in propylene glycol (absolute; Poly Scientific, Bay Shore, NY). 
Propylene glycol was removed by aspiration, and samples were incubated in Oil Red O (Poly 
Scientific, Bay Shore, NY) for one hour. Staining solution was removed by aspiration and 
stained samples were then incubated in 85 percent (v/v) propylene glycol solution (Poly 
Scientific, Bay Shore, NY) for one minute. Finally stained samples were washed with two 
changes of de-ionized water. Stained samples were counter-stained with Mayer's Hematoxylin 
(Poly Scientific Bay Shore, NY) and eixamined by li^ microscopy. Images were taken at 
magnification of 20 X. 

Leptin Assay. Adipose-derived cells and placenta-derived cells were seeded at 200,000 
cells/well in 6-well tissue, culture-treated plates. Cells were initially seeded in growth medium 
((DMEM:Lg; Invitrogen, Carlsbad, CA), 15 % FBS (defined bovine serum Lot#AND18475; 
Hyclone, Logan, UT), 0.001% 2-merca5ptoefhanol (Sigma, St. Louis, MO), 100 Units/milliliter 
penicillin, 100 microgram/milliliter streptomycin, 0.25 micrograms per milliliter amphotericin B; 
Invitrogen, Carlsbad, CA)), wliich was changed to an adipogemc differentiation medium 
(DMEM-Hg mediiun (Gibco, Carlsbad, CA) containmg 1 micromolar dexamethasone (Sigma, 
St. Louis, MO), 0.2 millimolar indomethasone (Sigma, St. Louis, MO), 0.01 miUigrams per 
microliter insulin (Sigma, St Louis, MO), 0.5 millimolar isobutyhnethylxanthine (Sigma, St. 
Louis, MO), 10 percent (v/v) fetal bovine serum (Cat. #SH30070.03; Hyclone, Logan, UT), 100 
Units/miHiliter penicillin, 100 microgram/milliliter streptomycin (Gibco, Carlsbad CA)). At the 
end of the assay, the conditioned medium was collected and leptin levels were measured using an 
ELISA kit (Quantikme, R&D Systems, Minneapolis, MN). 

Results 

Adipose differentiation. Morphologically, MSCs and Adipose-derived cells (Artecel; 
U.S. Patent NO. 6,555,374) demonstrated lipid formation as early as 5 days in this assay. Large 
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amounts of lipid droplet formation were observed in both these cultures by 15 days of culture. 
Cultures of osteoblasts also deposited large amounts of lipid under these conditions after 10 days 
in culture and estajsively at 15 days. Lipid droplet foimstion was observed in placenta-derived 
and omental cell cultures after 15 days of culture. Low level lipid droplet formation was 
observed in the fibroblast cultures after 20 days in adipogemo-inducmg conditions. 

Leptin. Leptin was not detected fay ELISA in placenta-derived cell conditioned medium. 

Summary. The potential of placenta-derived cells to differentiate into an adipose 
phenotype was examined. The data demonstrate that placenta-dorived cells undergo a low level 
of adipose differentiation when compared to cultures of mesenchymal stem cells, adipose- 
derived cells, or osteoblasts. No leptin was detected in placenta-derived cells by ELISA 
following the adipogenic differentiation protocol used. 

EXAMPLE 19 
Differentiation of Placenta-Derived Cells to Beta Cells 

The pancreas contaui^ endocrine cells, organized in islets of Langerhans, which produce 
insulin, glucagon, somatostatin, and pancreatic polypeptide (PP). The ability of placenta-derived 
cells to differentiate towards cells with an msuhn-produciiig phenotype was tested under eight 
different induction protocols. 

Methods & Materials 

Placenta-derived cells as well as neonatal or adult Nonnal Human Dernial Fibroblasts 
(NHDF) were grown in Growth medimn (DMEM-low glucose (Gibco, Carlsbad, CA), 15% (v/v) 
fetal bovine semm (Cat. #SH30070,03, Hyclone; Logan, UT), 0.001% (v/v) betamercaptoethanol 
(Sigma, St Louis, MO), 50 Units/milliliter penicillin, 50 microgram/milliUter streptomycin 
(Gibco, Carlsbad, CA)) in a gelatin-coated T75 flask as well, as m. different beta-cell promotmg 
differentiation conditions. Flasks were coated with 2% (wAr) gelatin solution (Sigma, St. Louis, 
MO) for 20 minutes at room temperature. Gelatin solution was aspirated off, and flasks were 
washed with PBS. Basic Fibroblast Growlh Factor (bFGF), Epidermal Growth Factor (EGF), 
Transforming Growth Factor beta (TGFbeta) and Fibroblast Growth Factor 10 (FGF-10) were 
purchased from PeproTech Inc. (Rocky Hill, NJ). GLP-1 was piu^hased from Sigma (St. Louis, 
MO) 

Protocol 1: Placenta-derived cells (isolate 1; P2), adipose-derived cells (U.S. Patent 
No. 6,555,374), placenta-derived cells (isolate 2; P4) (predominately neonatal as analyzed by 
Jmyotyping ~ data not shown), and adult Normal Human Dermal Fibroblasts (NHDF) (PIQ). 
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Cells were maintained under either normal or 5% O2 conditions. Cells weare seeded at low 
density (5,000 cells/can^) in gelatin-coated T75 jQasks on gelatin and grown in Ham's FI2 
medium (Clonetics, Santa Rosa, CA), 2% (v/v) FBS, 50 Umts/inilliliter penicillin, 50 
microgratn/milliliter streptomycin, 1 0 nanogrfflns/milliliter BGF, and 20 nanograms/milliliter 
bFGF until confluence. Confluent cells were trypsinized and plated at 50,000 cells/cm^ in 24- 
well Tissue Culture Polystyrene (TCPS; BD Biosciences, Bedford, MA) plates with or without 
gelatin or collagen coating. Cells were grown in Ham's F12 medium, 2% FBS, 50 
Units/milliliter penicillin, 50 microgram/milliliter streptomycin, 10 nanograms/milliliter EGF, 20 
nanograms/milliliter bFGF, and 15 nanoMolar GLP-1 (7-37 isoform) for up to 3 weeks. 

Protocol 2: Placenta-derived cells (isolate 3; P3) and placenta-derived cells (isolate 2; 
P3) (predominately neonatal as identified by karyotyping analysis). Cells were seeded at low 
density (5,000 cells/cm^) in T75 flasks on gelatin and grown in Ham's F12 medium, 2% FBS, 50 
Units/milliliter penicillin, 50 micarogram/milliliter streptomycin, 10 nanograms/milliliter EGF, 20 
nanograms/milliliter bFGF until confluence. Confluent cells were tiypsinized and plated at 
50,000 cells/cm^ in 24-well TCPS plates with or without gelatin coating. Cells were grown in 
Ham's F12 medium, 2% FBS, P/S, 15 nanoMolar GLP4 (7-37 isoforai) for up to 3 weeks. 

Protocol 3: Placenta-derived cells (isolate 1; PIO), adult NHDFPIO, andplacenta- 
dej'ived cells (isolate 2; P3). Cells were seeded at high density (50,000 cells/cm^) in 24-well 
TCPS plates and grown in pMEM:Ham's F12 (1 : 1) medium, B^27 supplement (Gibco, 
Carlsbad, CA), 50 Units/milliliter penicillin, 50 microgram/milliliter streptomycin, 20 
nanograms/milliliter EGF, 40 nanograms/milliliter bFGF. Spherical clusters were generated 
within about 4-6 days. Following that period, the spherical clusters were collected, centrifiiged, 
and replated onto laminin-coated, 24-well plates (BD Biosciences, Bedford, MA), and cultured 
up to 3 weeks in B-27-supplemented medium containmg 10 nanoMolar GLP-1 (7-37) with no 
other growth factors (/.e.. no bFGF and no EGF). 

Protocol 4: Placenta-derived cells fisolate 1; PIO), adult NHDF (PIO), placenta-derived 
cells (isolate 2; P3). Cells were set jxp at high density (50,000 cells/cm^) in 24-well TCPS plates 
and grown in DMBM:Ham's F12 (1:1) medium, B-27 supplement, 50 Units/railUliter penicillin, 
50 microgram/milliliter streptomycin, 20 nanograms/milhhter EGF, 40 nanograms/milliliter 
bFGF. Spherical clusters were generated, usually in about 4-6 days. Following that period, the 
spherical clusters were collected, centrifuged, and replated onto laminin-coated, 24-well plates 
and cultured up to 3 weeks in B-27-supplemented medium containing 10 nanoMolar GLP-1 (1- 
37 isoform) but no other growth factors (i.e., no bFGF and no EGF). 
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Protocol 5: Adult NHDF (PIS) and placenta-derived cells (isolate 1; P15). Cells we 
seeded at high density (50,000 cells/cm^) in 24-weU TCPS gelatin-coated plates and grown in 
DMEM;Ham's F12 (1:1) mediimi, B-27 supplement, 50 Umts/miUiHter penicillin, 50 
microgram/milliliter streptomycin, 10 nanograms/inilliliter FGF-10, and/or 40 
nanograms/roilliliter TGFbeta for > two weeks . 

Protocol 6: Adult NHDF and' placenta-derived cells (isolate ]; PI 5). Cells were seeded 
at high density (50,000 cells/cm^) in 24-well TCPS gelatin-coated plates and grown in EBM-2 
medimn, 1 0 nanograms/milliliter FGF- 1 0, and/or 40 nanograms/milliliter TGFbeta for > two 
weeks. 

Protocol 7: Placenta-derived cells (isolate 3; P3) were seeded at low density (5,000 
cells/cm^) in T75 flasks on gelatia and grown either in Growth medium or in Ham's F12 
medium, 2% FBS, 50 Units/miililiter penicillhi, 50 microgranVmilHliter streptomycin, 10 
nanograms/milliliter EGF, 20 nanograms/milliliter bFGF until confluence. Confluent cells were 
trypsinized and plated at 50,000 cel3s/cm^ in 24-well TCPS plates, with or without gelatin 
coating. Three types of basic media were used for up to 3 weeks: 

betal mediian:- Ham's F12 medium, 2% FBS, 10 nullimolar nicotinamide, 
50 Units/miUilitea- penicillin, 50 nncrograrn/milliliter streptomycin, 25 
milliMolar glucose 

befcill medium: Equal parts of DMEM/Hatn's F12 media, 2% FBS, 10 
millimolar mcotinamide, 25 milliMolar glucose 
Endothelial Cell Basal Medium (EBM), (Clonetics, Santa Rosa, CA). 
The following growth factors were added to each of the media: 10 nanograms/miUiliter 
EGF, 20 nanograms/milliliter bFGF, 10 nanoMolar GLP-1 (7-37 isoform). 

Protocol 8; Placentd-deiived cells (isolate 2; P2) predominately neonatal as identified 
by karyotyping analysis), placenta-derived cells (isolate 2; PI), clone ^22. Cells were seeded at 
low density (5,000 cells/cm^) in T25 TCPS flasks and grown in DMEM, 20% FBS, 50 
Units/milliliter penicillin, 50 micrograna/milhliter streptomycin until confluence. 

Total RNA isolation and quantitative RT-PCR KNA was extracted from placenta- 
derived cells and fibroblasts grown as described in each protocol Cells were lysed with 350 
microliter buffer ELT containing beta-mercaptoethanol (Sigma St. Louis, MO) according to the 
manufacturer's iastmctions (RNeasy Mini kit, Qiagen, Valencia, CA) and RNA extracted 
according to the manufacturer's instructions (RNeasy Mini kit, Qiagen, Valencia, CA) with a 2.7 
Units/sample DNase treatment (Sigma St. Louis, MO). RNA was eluted with 50 microliter 
DEPC-treated water and stored at~80°C. RNA was reverse transcribed using random hexamers 
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with flie TaqMaQ reverse transcription reagents (Applied Biosystems, Foster City, CA) at 25°C 
for 10 minutes, ST^C for 60 minutes, and 95°C for 10 minutes. Samples were stored at -IQPC. 

Real-time PCR. PGR was performed on cDNA samples using ASSAYS-ON-DEMAND 
gene expression products PDX-1 (Hs00426216), pro-insulin (Hs00355773), Ngn-3 
(Hs00360700), Glut-2 (HsOOl 65775), GAPDH (AppUed Biosystems, Foster City, CA) and 
TaqMan Universal PGR master mix according to the manufacturer's instructions (Applied 
Biosystems, Foster City, CA) using a 7000 sequence detection system with ABI prism 7000 SDS 
software (Applied Biosystems, Foster City, CA). Thermal cycle conditions were initially 50°C 
for 2 minutes and 95 °C for 10 minutes followed by 40 cycles of 95°C for 15 seconds and 60°C 
for 1 minute. In addition another set of primers designed in-house for PDX-1 and Ngn-3 was; 
tested. Table 19-1 contains primers' sequences. PGR using these primers was performed as 
described above. Pancreas total RNA (Ambion, Austin, TX) was used as control. PGR data was 
analyzed according to the AACp method recommended by Applied Biosj^tems (User Bulletin #2 
from Applied Biosystems for ABI Prism 7700 Sequence Detection System). 



Table 19-1 Primers 



Primer name 


Sequence 


PDX- 1 Forward primer 


5'-CTGGATTGGCGTTGTTTGTG-3' {SSQ 
ID NO: 11) 


PDX-1 Reverse primer 


5' -TCCCAAGGTGGAGTGCTGTAG-3' 
(SEQ ID 510:12) 


PDX-l-TaqMan probe 


5' -CTGTTGCGCACATCCCTGCCC-3' 
(SEQ ID N0:13) 


Ngn-3 Forward primer 


5' -GGCAGTCTGGCTTTCTCAGATT-3' 
(SEQ ID N0:14) 


Ngn-3 Reverse primer 


5' -CCCTCTCCCTTACCCTTAGCA-3' 
(SEQ ID NO: 15) 


Ngn-3 TaqMan probe 


5' -CTGTGAAAGGACCTGTCTGrCGC-3'' 
(SEQ ID N0:16) 



Results 

For placenta-derived cells treated according to protocols 1-8, expression of pancreas- 
specific marker was not detected using real-time PGR and the assay-on-demand primers, with the 
exception that low levels of Ngn-3 were detected in cells from protocol 7. The same primers . 
produced positive results with cDNA derived from pancreatic tissue RNA. Results of real-time 
PGR for PDX-1 and Ngn-3 performed on cDNA samples derived from human placenta were 
compared to results for adipose-derived cells grown according to protocol 1. PGR was also 
performed using ia-house designed primers (Table 19-1). Results of real-time PGR using these 
primers for PDX-1 and Ngn-3 performed on cDNA samples derived from human placenta were 

compared to results from adipose-derived cells. Data obtained from real-time PGR was analyzed 
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by the AACt method (User Bulletin #2 from Applied Biosystems for ABI Prism 7700 Sequence 
Detection System) and expressed on a logatithmic scale. 

Experimental conditions in Protocols 3 and 8 applied to placenta-derived cells, but not 
fibroblasts, produced structures resembling the cellular assembly of pancreatic epithelial cells 
into islets. These structures emerged about 3-5 days after the implementation of the protocol. 
Expression of pancreatic markers PDX-1, Ngn3, Glut-2 and pro-insulin were not detected by 
real-time PGR. 

Summary. Limited expression of PDX-1 and Ngn-3 was observed in placenta-derived 
cells treated with a variety of experimental protocols. There were differences in results between 
in-house designed and commercially available primers. For example, while protocol number 1 
gave positive data for PDX-1 and Ngn-3 using in-house designed primers, ASSAYS-ON- 
DEMAND primers for the same genes produced negative data. The results were not dnectly 
verified by immunological techniques. Notwitiistanding such differences, expression of several 
pancreatic markers has been aocomplished, suggesting the potential of placenta-derived cells to 
differentiate towards the pancreatic phenotypes. 

EXAMPLE 20 

Differentiation of Placenta-Derived Cells to the Cardiomyocyte Phenotype 

There is a tremendous need for therapy that will slow the progression of and/or cure heart 
disease, such as ischemic heart disease and congestive heart failure. Cells that can differentiate 
into cardiomyocytes that can fully integrate into tlie patient's cardiac muscle without airhythmias 
are highly desirable. Rodeait mesenchymal stem cells treated with S-azacytidine have been 
shown to express markers of cardiomyocytes (Fukuda et al. (2002) C R. Biol 325: 1027-38). 
This has not been shown for adult human stem cells. Additional factors have been used to 
improve stem cell differentiation nicluding low oxygen (Storch (1990) Biochim. Biophys. Acta 
1055:126-9), retinoic acid (Wobus et al. (1997) J. Mol. Cell Cardiol. 29:1525-39), DMSO (Xu et 
al. (2002) Circ. Res. 91 :501-8), and chelerythrine chloride (hitemational POT Publication No. 
WO03/025149), which effects the h-anslocation of PKC Jrom the cytosol to plasma membrane 
and is an ioliibitor of PKC activity. In this example, placenta-derived cells were treated with 5- 
azacytidine either alone or in combination with DMSO or chelerythrine chloride and markers of 
cardiomyocytes measured by real-time PGR. 

Methods & Materials 
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Celb. Cryopreserved placenta-derived cells (P24) were grown in Growth medium 
(DMEM-low glucose (Gibco, Carlsbad CA), 15% (v/v) fetal bovine serum (Cat. #SH30070.03, 
Hyclone, Logan UT), 0.001% (v/v) betamercaptoethanol (Sigma, St. Louisa MO), 50 
Umts/mimiiter penicillin, 50 microgram/milliliter streptomycin (Gibco)), in a gelatin-coated 
flask. Cells were seeded at 5 x 10^ cells/well in 96-well plates in Growth medium for 24 hours. 
The medium was changed to 0, 3, 10 and 30 uM 5-azacytidine (Sigma, St. Louis, MO) alone or 
with 5 microMolar chelerythrine chloride (Sigma), 1% (v/v) dimethylsulfoxide (DMSO) 
(Sigma), or 1 microMolar retinoic acid (Sigma) in MEM-alpha (Sigma), insulin, transferrin, and 
selenium (ITS; Sigma), 10% (v/v) fetal bovine serum, 50 Umts/milliliter penicillin, 50 
naicrogram/milliliter streptomycin, and cells incubated at 37°C, 5 % (v/v) O2 for 48 or 72 hours. 
Media was then changed to MEM-alpha, insuhn, transferrin, and selenium, 10 % (v/v) fetal 
bovine serum, 50 Units/niilliliter penicillin, 50 microgram/milliliter streptomycin, and cells 
incubated at 37 °C, 5 % (v/v) Qj for 14 days. 

RNA extraction and Reverse Transcription. Cells were lysed with 150 microUtea: 
buffer JILT eontaiDing beta-mercaptoethanol (Sigma St Louis, MO) according to the 
manufecturer's instructions (RNeasy 96 Icit, Qiagen, Valencia, CA) and stored at -80°C. Cell 
lysates were thawed and RNA extracted according to the manufacturer's instructions (RNeasy 96 
kit, Qiagen, Valencia, CA) with a 2.7 Units/sample DNase treatment (Sigma St Louis, MO). 
RNA was eluted with 50 microliter DEPC-treated water and stored at -80°C. RNA was reverse 
transcribed using random hexamers with the TaqMan reverse transcription reagents (Applied 
Biosystems, Foster City. CA) at 25°C for 10 minutes, 37°C for 60 minutes and 95°C for 10 
minutes. Samples wei-e stored at -20°C. 

PCR. PGR was performed on cDNA samples using ASSAYS-ON-DEMAND gene 
expression products cardiac myosin (HsOOl 65276 ml), skeletal myosin (Hs00428600), GATA 4 
(Hs00171403 ml), GAPDH (Applied Biosystems, Foster City, CA), and TaqMan Universal PCR 
master mix according to the manufacturer' s instructions (Applied Biosystems, Foster City, CA) ' 
using a 7000 sequence detection system with ABI prism 7000 SDS software (AppHed 
Biosystems, Foster City, CA). Thermal cycle conditions were initially 50°C for 2 minutes and 
95°C for 10 minutes followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 mmute. cDNA 
from heart and skeletal muscle (Ambion Austin TX) were used as a control. 

Results 

Control RNA from cardiac muscie showed expression of cardiac myosin and GATA 4, 
skeletal muscle RNA showed skeletal myosin and cardiac myosin but no GATA 4 expression. 
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Placenta-derived ceUs (P24) treated for 72 h witii factors and groTwi for an additionall4 days 
eacpressed GATA 4, but no skeletal myosin or cardiac myosin. Additional samples ftom placenta 
that were analyzed showed expression of GATA 4. 

Summary. Untreated placenta-derived cells constitutively express GATA 4, a mxclear 
transcription factor in cardiomyocytes, Sertoli cells, and hepatocytes. 

EXAMPLE 21 

Treatment of Placenta-Derived Cells with ProtFcsterone and cAMP 

Placenta comprises both neonatal and maternal cells. The maternal cells are derived fixrai 
the uteiine wall during the process of implantation. Endometrial cells of the uteras undergo a 
process called decidualization after conception that is driven by steroid hormones and embryonic 
signals that changes the cell's morphology, phenotype and function. The morphology of the ceUs 
changes firom fibroblastic to polygonal. Expression of alpha-smooth muscle actin is reduced, 
and cells begin to express desmin, prolactin, and insulin growth factor bmding protein-1 
(lGFBP-1) (Fazeabas and Strakova (2002) Mol. Cellular. Endo. 186:143-147). In the present 
stody the effects of progesterone and 8-bromoadenosine 3',5'-cyclicmonophospfaate, a cAMP 
analogue, were investigated. It has been previously shown that these conqjounds promote 
endometrium decidualization in vitro (Gellersen and Brosens (2003) J. Endocrinol. 178:357- 
372). Fibroblasts, mesenchymal stem cells (MSG), and placenta-derived cells were treated with 
progesterone and a cAMP analogue for 3 and 6 days and stained for desmin, a marker of 
decidualization, and vunentin for mesenchymal stromal cells. 

Methods & Materials 

Mesenchymal stem cells (P3) (Camfarex, Walkersville, MD), placenta-derived cells CP3) 
(maternal karyotype), and dermal fibroblasts (PIO) (Cambrex,) were seeded onto gelatin-coated 
LabTek H chamber slides (Nalgene, Rochester, NY) at 10,000 cells/well in Growth medium 
(DMEM-low glucose (Gibco Carlsbad CA), 15% (v/v) fetal bovine serum (Hyclone, Logan, 
VT), 0.001% (v/v) betamercaptoethajiol (Sigma, St Loins, MO), 50 Units/milliliter pemcillm, 50 
microgram/milUliter streptomycin (Gibco)). Cells became confluent in 4 days and the medium 
was changed to either 1) control basal medium (DMEM-low glucose (Gibco), 10% (v/v) fetal 
bovine serum charcoal/dextran-treated (Hyclone), 50 Units/milliliter penicillin, 50 
microgram/miUiliter st eptomycin (Gibco), Fungizone (Gibco)) or 2) basal medium containing 
63.5 microMolar progesterone (Sigma) and 0.76 milliMolar 8-bromoadenosine 3'5'- 
cyclicmonophbsphate (Sigma). Cells were uicubated for 3 or 6 days with media changed at 3 
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days. CeUs were washed with PBS (Giboo) and fixed with 4% (w/v) paraformaldehyde (Sigma) 
for 20 minutes and stored at 4°C in phosphate buffered saline. 

ItnmuQocytochemistiy was perfoimed to evaluate expression of vimentia (1 :500, Sigma,) 
and desmin (1:150, Sigma). Briefly, fixed cultures were washed with phosphate-buffered saline 
(PBS) and exposed to a protein blockiag solution contaimng PBS, 4% goat serum (Chemicon, 
Temecula, CA), and 0.3% Triton (Triton X-100, Sigma) for 30 minutes. Primary antibody ' 
solutions were then applied to the samples contaimng blocking solution plus vimentin antibody 
(1:500) and desmin (1:150) for aperiod of 1 hour at room temperature. Next, primary antibody 
solutions were removed and samples washed with PBS prior to application of secondary 
autibody solutions (1 hour at room temperature) containing blocking solution along with goat 
anti-mouse IgG - Texas Red (1 :2.50) and goat anti-rabbit IgG - Alexa 488 (1 :250; Molecular 
Probes, Eugene, OR). Samples were washed and 1 0 microMolar DAPI (Molecular Probes) 
applied for 10 minutes to visualize cell nuclei, 

Following immunbstaining, fluoi-escence was visualized using the appropriate 
fluoresceace filter on an Olympus inverted epi-fluorescent microscope. Representative unages 
were captured using a digital color videocamera and ImagePro software (Media Cybernetics, 
Carlsbad, CA). For triple-stained samples, each image was taken using only one emission filter 
at a tune. Layered montages were then prepared using Adobe Photoshop software (Adobe, San 
Jose, CA). 

Mesults 

All cells, with the exception of MSCs, in the control medixim showed no vimentm or 
desmin staining at day 3 or 6. Maternal placetita-daived ceUs at 3 and 6 days showed a change 
in morphology when treated with progesterone and 8-bromoadenosine 3 '5'- 
cyclicmonophosphate. Placenta-derived cells became phase bright and had a significantly 
reduced proliferation rate resultmg in a lower density culture. Placenta-derived cells were the 
only cells to stain strongly for vimentin when treated with progesterone and 8-bromoadenosine 
3 '5'-cyclicmonophosphate for 3 or 6 days. MSCs showed weakly positive staining for vimentin 
imder both conditions at 3 and 6 days. 

Summary. Placenta-derived cells and fibroblasts grown in DMEM-low glucose vrifh 
10% fetal bovine serum normally express vimentin. In the present analysis, there was no 
staining for vimentin when cells were grown in 10% charcoal/dextran-treated fetal calf serum for 
as Uttle as 3 days. Maternal placenta-derived cells showed a change in morphology and vimentin 
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expression with progesterone and S-bromoadenosine 3'5'-cycli«?moaiophosphate treatment. 
Expression of desmin was not detected. 

Gene chip analysis revealed that there is Httle or no expression of the progesterone 
receptor in the cells tested. Expression of a putative steroid receptor, progesterone membrane 
components 1 and 2 (Gerdes et al. (1998) Biol. Chem.379:907-l 1) was detected. 

EXAMPLE 22 

Short-Term Neiu-al Differentiation of Placenta-Derived Cells 

The ability of placeEOta-derived cells to dLffereatia-te into neural lineage cells was 
examined. 

Materials & Methods I 

Isolation and Expansion' of Placenta-derived Cells. Placenta-derived cells were 
isolated and expanded as described in Example 1. 

Modified Woodbnry-Blaek Protocol. (A) Tiiis assay was adapted from an assay 
originally performed to test the neural induction potential of bone maixow stromal cells (1). 
Placenta-derived cells (P3) were thawed and expanded in Growth Medium at 5,000 cells/cm^ 
until sub-confluence (75%) was reached. Cells were then trypsmized and seeded at 6,000 cells 
per well of a Titretek H glass slide (VWR hitemational, Bristol, CT). As controls, mesenchymal 
stem cells (P3; 1F2155; Cambrex, Wallcersville, MD), osteoblasts (P5; CC2538; Cambrex), 
omental cells (P6; (041003)), Artccel cells (US6555374 Bl) (P6; Donor 2) and neonatal human 
dermal fibroblasts (P6; CC2509; Cambrex) were also seeded under the same conditions. 

All cells were mitially expanded for 4 days in DMEMyPll medium (Livitrogen, 
Carlsbad, CA) containing 15% (v/v) fetal bovine serum (FBS; Hyclone, Logan, UT), basic 
fibroblast growth factor (bFGF; 20 nanogrmi/mimiiter; Peprotech, Rocky Hill, NJ), epidermal 
growth factor (EGF; 20 nanDgram/miimiter; Peprotech) and 50 Units/railliliter penicillin, 50 
microgram/millihter streptomycin (Invitrogen). After 4 days, cells were rinsed in phosphate- 
buffered saline (PBS; Invitrogen) and were subsequently cultured in DMEM/F12 medium + 20% 
(v/v) FBS + 50 Units/milliliter penicillin, 50 micrograra/miUiliter streptomycin for 24 hours. 
After 24 hours, cells were rinsed with PBS. Cells were then cultured for 1 to 6 hours in aa 
induction medimn which was comprised of D]SiEMflF12 (serum-fiee) containing 200 milliMolar 
butylated hydroxyanisole, 10 nanoMola? potassium chloride, 5 miU^am/milliliter insulin, 10 
nauoMolarforskolin, 4 nauoMolarvalproic acid, and 2 nanoMol^hydrocortisone (all chemicals 
from Sigma, St. Louis, MO). Cells were then fixed in -20°C 100% methanol and 
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Hmnunocytochemistiy was performed (see methods below) to assess human nestin protein 
expression. 

(B) Placenta-derived cells (Pll) and adult human dennal fibroblasts (1F1853, PI 1) were 
thawed and culture expanded in Growth Medium at 5,000 cells/cm2 until sub-confluence (75%) 
was reached. Cells were then trypsimzed and seeded at similar density as in (A), but onto (1) 24 
well tissue culture-treated plates (TCP, Falcon brand, VWR International), (2) TCP wells + 2% 
(w/v) gelatm adsorbed for 1 hour at room temperature, or (3) TCP wells + 20 nanogram/milKUter 
adsorbed mouse lammin (adsorbed for a minimum of 2 hours at 37°C; hivitrogen). 

Exactly as in (A), cells were initially expanded and media switched at the aforementioned 
timeframes. One set of cultures was fixed, as before, at 5 days and six hours, this time with 4°C 
4% (w/v) paraformaldehyde (Sigma) for 10 minutes at room temperature. In the second set of 
cultures, media was removed and switched to Neural Progenitor Expansion medium (NPE) 
consisting of Neurobasal-A medium (Invit ogen) contaming B27 (B27 supplement; Invitrogen), 
L-glutamine (4 milliMolar), and 50 Units/milliliter penicillin, 50 micrDgram/milUliter 
streptomycin (Invitrogen), NPE medium was flirther supplemented with retinoic acid (RA; 1 
micromolar; Sigma). This medium was removed 4 days later and cultures were fixed with 4°C 
4% (w/v) paraformaldehyde (Sigma) for 10 minutes at room temperature, and stained for nestin, 
GFAP, and TuJl protem expression (see Table 22-1). 

Table 22-1 Summary of Primary Antibodies Used 



Antibody 


1 Concentration 


Vendor 


Rat 401 (nestm) 


1:200 


Chemicon, Temecula, CA 


Human Nestin 


1:100 


Chemicon 


TuJl (Bin Tubulin) 


1:500 


Sigma, St. Louis, MO 


GFAP 


1:2000 


D akoCytomation, 
Carpinteria, CA 


Tyrosine hydroxylase 
(TH) 


1:1000 


Chemicon 


GAJBA 


1:400 


Chemicon 


Desmin (mouse) 


1:300 


Chemicon 


alpha - smooth muscle 
actin 


1:400 


Sigma 


Human nuclear protein 


1:150 


Chemicon 
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(hNuc) 




Two Stage Differentiatioii ProtocoL Placenta-derived cells (Pll), adult human demial 
fibroblasts (PU; 1F1853; Cambrex) were thawed and culture expanded in Growth Medium at 
5,000 cells/cm^ rnitU sub-confluence (75%) was reached. CeUs were then trypsinized and seeded 
at 2,000 cells/cm^ but onto 24 well plates coated with laminin (ED Biosciences, Franldin Lakes, 
NT) in the presence of NPE media supplemented with bFGF (20 nanogram/milliliter; Peprotech, 
Rocky Hill, N3) and EGF (20 nanogram/mimiiter; Peprotech) [whole media composition further 
referred to as KPE + F + E]. At the same time, adult rat neural progenitors isolated firom 
hippocampus (P4; (062603); see Example 23)) were also plated onto 24 weU laminin-coated 
plates in NPE + F + E media. All cultures were maintained in such conditions for a period of 6 
days (cells were fed once during that time) at which time media was switched to the 
differentiation conditions Hsted in Table 22-2 for an additional period of 7 days. Cultures were 
fixed with ice-cold 4% (w/v) parafonnaldehyde (Sigma) for 10 minutes at room temperature, and 
stained for human or rat nestin, GFAP, and TuJl protein expression. 



Table 22-2. Summary of Conditions for Two-Stage Differentiation Protocol 
A B 



com.# 


PRE-DIFFERENTIATION 


2"*^ STAGE DIFF 


1 


NPE + F + E 


NPE + SHH (200 
nanogi-am/milliliter) + F8 (100 
nanogram/milliliter) 


2 


NPE + F + E 


NPE + SHH (200 
nanogram/milliliter) + F8 (100 
nanogram/milhliter) + RA (1 
micromolar) 


3. 


NPE + F + E 


NPE + RA (1 micromolar) 


4 


NPE + F + E 


NPE + F (20 nanogram/milhliter) + 
E (20 nanogram/milliliter) 


5 


KPE + F + E 


Growth Medium 


6 


NPE + F + E 


Condition IB + rhGDF-5 (20 
nanogram/miUiliter) 


7 


NPE + F + E 


Condition IB +BMP7 (20 
nanogram/milliliter) 


8 


NPE + F + E 


Condition IB + GDNF (20 
nanogram/milliliter) 


9 


NPE + F + E 


Condition 2B + rhGDF-5 (20 
nanogram/milhliter) 


10 


NPE + F + E 


Condition 2B + BMP7 (20 
nanogram/milliliter) 


11 


NPE + F +E 


Condition 2B + GDNF (20 
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nanogram/milliliter) 


12 


NPE + F+E 


Condition 3B +rhGDF-5 (20 
naaogram/milUUter) 


13 


NPE + F + E 


Condition 3B + BMP7 (20 
nanogramAnilliliter) 


14 


NPE + F + E 


Condition 3B + GDNF (20 
naQogram/milliliter) 


15 


TSJDT7 J. 1? J. TJ ~! 


NPE + rhGDF-5 (20 
nanogram/milliliter) 


16 


NPE + F +E 


NPE + BMP? (20 
nanogram/milliliter) 


■ 17 


NPE + F + E 


NPE + GDNF (20 
nanogram/milliliter) 



Neural Progenitor Co-Cnlture Protocol. Adult rat hippocampal progenitors (062603) 
were plated as neurospheres or single cells (10,000 cells/well) onto laminin-coated 24 well 
dishes (BD Biosciences) in NPE + F (20 nanogram/milliliter) + E (20 nanogram/milliliter). 

Separately, placenta-derived cells (022803) Pll were thawed and culture expanded in 
NPE + F (20 nanogram/miUUiter) + E (20 nanogram/milliHter) at 5,000 ceUs/cm^ for a period of 
48 hours. CeUs were then trypsinized and seeded at 2,500 cellsAvell onto existing cultures of 
neural progenitors. At that time, existing medium was exchanged for fresh medium. Four days 
later, cultures were fixed with ice-cold 4% (w/v) parafbnnaldehyde (Sigma) for 10 minutes at 
room temperature, and stained for human nuclear protein (liNuc; Chemicon) (Table 221-1 above) 
to identify PPDCs. 

Immunocytochemistry. Immunocytochemistty was performed using the antibodies 
Usted in Table 22-1 . Cultures were washed with phosphate-buffered saline (PBS) and exposed to 
a protein blocking solution containing PBS, 4% (v/v) goat serum (Chemicon, Temecula, CA), 
and 0.3% (v/v) Triton (Triton X-100; Sigma) for 30 minutes to access intracellular antigens. 
Primary antibodies, diluted in blocking solution, were then applied to the cultures for a period of 
1 hour at room temperature. Next, primary antibody solutions were removed and cultures 
washed with PBS prior to appHcation of secondary antibody solutions (1 hour at room 
temperatm-e) containing blocldng solution along with goat atiti-mouse IgG- Texas Red (1 :250; 
Molecular Probes, Eugene, OR) and goat anti-rabbit IgG - Alexa 488 (1 :250; Molecular Probes). 
Cultures were then washed and 10 micromolar DAPI (Molecular Probes) appUed for 10 minutes 
to visualize cell nuclei. 

Following immunostaining, fluorescence was visualized using the appropriate 
fluorescence filter on an Olympus inverted epi-fluorescent microscope (Olympus, Melville, NY). 
In aU cases, positive staining represented fluorescence signal above control staining where tlie 
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entire procedure outlined above was followed with the exception of application of a primary 
antibody solution. Representative images were captured using a digital color videocamera and 
BiiagePro software (Media Cybernetics, Carlsbad, CA). For triple-stained samples, each image 
was taken using only one emission filter at a time. Layered montages were then prepared using 
Adobe Photoshop soflware (Adobe, San Jose, CA). 

Results 

Woodbury-Black Protocol. (A) Upon incubation in this neural induction composition, 
all cell types transformed into cells with bipolar moiphologies and extended processes. Other 
larger non-bipolar morpbologies were also observed. Furthermore, the induced cell populations 
stained positively for nestin, a milker of multipotent neural stem and progenitor cells. 

(B) When repeated on tissue culture plastic (TCP) dishes, nestin expression was not 
observed unless laminin was pre-adsorbed to the culture surfece. To further assess whether 
nestin-expressing cells could then go on to generate mature neurons, PPDCs and fibroblasts were 
exposed to NPE + RA (ImicroMolar), a media composition known to induce the differentiation 
of neural stem and progenitor cells into such cells (2,3,4). Cells were stained for TuJl, a marker 
for immature and mature neurons, GFAP, a marker of astrocytes, and nestin, a marker for neural 
progenitors. Under no conditions was TuJl expression turned on nor were cells with neuronal 
morphology observed, suggesting that neurons were not generated in the short term. 
Fm-thermore, nestin and GFAP expression were no longer expressed by PDCs, as determined by 
immunocytocheniistry. 

Two Stage Differentiation Results. Placenta derived cells (as well as human fibroblasts 
and rodent neural progenitors as negative and positive control cell types, respectively) were 
plated on lamixiia (neural promoting)-coated dishes and exposed to 13 different growth 
conditions (and two control conditions) known to promote differentiation of neural progenitors 
into neurons and astrocytes. In addition, two conditions were added to examine the influence of 
GDF5, and BMP7 on PPDC differentiation. Generally, a two-step differentiation approach was 
talcen, where the cells were first placed in neural progenitor expansion conditions for a period of 
6 days followed by ftill differentiation conditions for 7 days. Morphologically, placenta-desrived 
cells exhibited fundamental clianges in cell morphology throughout the time-course of this 
procedure. However, in no cases were neuronal or astrocytic-shaped cells observed except fiar in 
control, neural progenitor-plated conditions. ImmunocytocheEQistiy, negative for human nestin, 
TuJl, and GFAP confirmed these morphological observations. 

-118- 



wo 2005/001076 PCT/US2004/020816 

Neural Progenitor and PDC Co-culture Procedures. Placenta-derived cells were 
plated onto cultures of rat neural progenitors seeded two days earlier in neural ejcpansion 
conditions (NPE + F + E). While visual confirmation of plated placenta-derived cells proved 
that these cells were plated as single cells, human-specific nuclear staining (hNuc) 4 days post- 
plating (6 days total length of exposure) showed that they tended to ball up and avoid contact 
with the neural progenitors. Furthermore, where placental cells attached, these cells spread out 
and appeai-ed to be innervated by differentiated neurons that were of rat origin suggesting that 
the placental cells may have differentiated into muscle cells. This observation was based upon 
morphology under phase contrast microscopy. Another observation was that typically large cell 
bodies (larger than neural progenitors) possessed morphologies resembUng neural progenitors, 
with thin processes spanning out in multiple directions. HNuc staining (found in one half of the 
cell's nucleus) suggested that in some cases these human cells may have fused with rat 
progenitors and assumed their phenotype. Controls wells containing neural progenitors only had 
fewer total pro grantors and apparent differentiated cells than did co-culture wells containing 
placental cells, further indicating that placenta-derived cells influenced the differentiation and 
behavior of neural progenitors either by release of chemoldnes and cytokines, or by contact- 
mediated effects. 

Summary. Multiple protocols were conducted to determine the short term potential of 
placenta-derived PPDCs to differentiate into neural lineage cells. These included phase contrast 
imaging of morphology in combination with immunocytochemistry for nestin, TuJl, and GFAP, 
proteins associated with multipotent neural stem and progenitor cells, inunature and mature 
neurons, and astrocytes, respectively. Evidence was observed to suggest that neural 
differentiation occurred in certain instances in these short-term protocols. 

Several notable observations were made in co-cultures of PPDCs with neural progenitors. 
This approach, using human PPDCs along with a xenogeneic cell type allowed for absolute 
determination of the origin of each ceil in these cultures. First, some cells were observed in 
these cultures where the cell cytoplasm was enlarged, with neurite-Mke processes extending away 
from the cell body, yet only half of the body labeled with hNuc protein. Those cells may be 
human PPDCs that have differentiated into neural hneage cells or they may be PPDCs that have 
fused with neural progenitors of rat origin. Second, it appeared that neural progenitors extended 
neurites to PPDCs in a way that indicates the progenitors differentiated into neurons and 
innervated the PPDCs. Third, cultures of neural progenitors and PPDCs had more cells of rat 
origin and larger amounts of differentiation than control cultures of neural progenitors alone. 
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furfher indicating ttiat plated PPDCs provided soluble factors and or contact-dependent 
mechanisms that stimulated neural progenitor survival, proliferation, and/or differentiation. 
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EXAMPLE 23 

Placenta-Perived Cellular Trophic Factors for Neural Progenitor Support 

The influence of placenta-derived cells on adult neural stem and progenitor cell survival 
and differentiation through non-contact dependent (trophic) mechanisms was examined. 

Materials & Methods 

Adult Neural Stem and Progenitor Cell Isolation. Fisher 344 adult rats were sacrificed 
by CO2 asphyxiation followed by cervical dislocation. Whole brains were removed intact using 
bone rongem-s and hippocampus tissue dissected based on coronal mcisions posterior to the 
motor and somatosensory regions of the brain (1). Tissue was washed in Neuiobasal-A medium 
(Invitrogen, Carlsbad, CA) containiog B27 (B27 supplement; Invitrogen), L-glutamine (4 
milliMolar; Invitrogen), and 50 Units/millihter penicillin, 50 microgram/millLliter streptomycin 
(Invitrogen), the combination of which is herein referred to as Neural Progenitor Expansion 
(NPE) mediiun. NPE medium was further supplemented with bFGF (20 nanogram/milliliter, 
Peprotech, Rocky Hill, NJ) and EGF (20 nanogram/mimuter, Peprotech, Rocky Hill, NJ), herein 
referred to as NPE + bFGF + EGF. 

Following wash, the overlying meninges were removed, and the tissue minced with a 
scalpel. Minced tissue was collected and trypsin/EDTA (Invitrogen) added as 75% of tlie total 
volume. DNAse (100 microhter per 8 milliliters total volume, Sigma, St. Louis, MO) was also 
added. Next, the tissue/media was sequentially passed through an 18 gauge needle, 20 gauge 
needle, and finally a 25 gauge needle one tkne each (all needles from Becton Dicldnson, 
Franldin Lakes, NJ). The mixture was centrifuged for 3 minutes at 250 x g. Supernatant was 
removed, fresh NPE + bFGF + EGF was added and the pellet resuspended. The resultant cell 
suspension was passed through a 40 micron cell strainer (BD Biosciences), plated on iaminin- 
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coated. T-75 flasks (Becton Dickmson) or low cluster 24-w6li plates (Becton Dickmson), and 
grown in NPE + bFGF + EGF media until sufficient cell numbers were obtained for the studies 
outlined. 

Placenta-Derived Cell Plating. Placenta-derived cells (PI 2) previously grown in 
Growth medium were plated at 5,000 cells / transwell insert (sized for 24 well plate) and grown 
for a period of one week in Growth medium in inserts to achieve confluence. 

Adult Neural Progenitor Plating. Neural progenitors, grown as neurospheres or as 
single cells, were seeded onto laminin-coated 24 well plates at an approximate density of 2,000 
cells / well in NPE +■ bFGF + EGF for a period of one day to p(romote cellular attachment. One 
day later, transwell inserts containing placenta-derived cells were added according to the 
following scheme: 

(1) Transwell (placenta in Growth medium, 200 microliter) + neural progenitors 
(NPE + bFGF + EGF, 1 milliUter) 

(2) Transwell (adult human dermal fibroblasts [1F1S53; Cambrex, Walkersville, MD] 
P12 in Growth medium, 200 microliter) + neural progenitors (NPE -i- bFGF + EGF, 1 milliliter) ' 

(3) Control: neural progenitors alone (NPE + bFGF -I- EGF, 1 milliliter) 

(4) Control: nevural progenitors alone (NPE only, 1 milliliter) 

Immunocytochemistry. After 7 days in co-culture, all conditions were fixed with cold 
4% (wA') paraformaldehyde (Sigma) for a period of 10 minutes at room temperature. 
Lnmimocytochemistry was performed usmg antibodies directed against the epitopes listed in 
Table 23-1 . Briefly, cultures were washed with phosphate-buffered saline (PBS) and exposed to 
a protein blocking solution containing PBS, 4% (v/v) goat serum (Chemicon, Temecula, CA), 
and 0.3% (v/v) Triton (Triton X-100; Sigma) for 30 minutes to access intracellular antigens. 
Primary antibodies, diluted in blocking solution, were then applied to tlie cultures for a period of 
1 hour at room temperature. Next, primary antibodies solutions were removed and cultures 
washed with PBS prior to application of secondary antibody solutions (1 hour at room 
temperature) containing blocking solution along with goat anti-mouse IgG - Texas Red (1 :250; 
Molecular Probes, Eugene, OR) and goat anti-rabbit IgG - Alexa 488 (1 :250; Molecular Probes). 
Cultures were then washed and 10 microMolar DAPI (Molecular Probes) apphed for 10 minutes 
to visualize cell nuclei. 

Following iomiunostajning, fluorescence was visualized using the appropriate 
iQuorescence filter on an Olympus inverted epi-fluorescent microscope (Olynipus, Melville, NY). 
In all cases, positive staining represented fluorescence signal above control stairdng where the 
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entire procedure outlined above was followed with the esxception of application of a primary 
antibody solution. Representative images were captured using a digital color videocamera and 
ImagePro sojftware ^edia Cybernetics, Carlsbad, CA). For triple-stained samples, each image 
was taken using only one emission filter at a time. Layered montages were then prepared using 
Adobe Photoshop software (Adobes San Jose, CA). 

Table 23-1. Summary of Primary Antibodies Used 



Antibody 


Concentration 


Vendor 


Rat 401 (nestin) 


1:200 


Chemicon, Temecula, CA 


TuJl (Bin Tubulin) 


1:500 


Sigma, St. Louis, MO 


Tyrosine hydroxylase 
(TH) 


1:1000 


Chemicon 


GABA 


1:400 


Chemicon 


GFAP 


1:2000 


DakoCytomation, 
Carpinteria, CA 


Myelin Basic Protein 
(MB?) 


1:400 


Chemicon 



Quantitative Analysis of Neural Progenitor Differentiation. Quantification of 
hippocaropal neural progenitor diEferentiation was examined. A minimum of 1000 cells were 
counted per condition or if less, the total number of cells observed in that condition. The 
percentage of cells positive far a given stain was assessed by dividing the number of positive 
cells by the total number of cells as determiBed by DAPI (nuclear) staining. 

Mass Spectrometry Analysis & 2D Gel Electrophoresis. In order to identify unique, 
secreted factors as a result of co-culture, conditioned media samples taken prior to culture 
fixation were firozen down at -80°C overnight. Samples were then ^plied to ultrafiltration spin 
devices (MW cutoff 30 kD). Retentate was applied to immunoaffinity chromatography (anti-Hu- 
alburain; IgY) (immunoafftnity did not remove albumin firom the samples). Filtrate was 
analyzed by MALDL The pass through was appUed to Cibachron Blue affinity chromatography. 
Samples were analyzed by SDS-PAGE and 2D gel electrophoresis. 

Results 

Placenta-derived cell co-cnlture stimulates adult neural progenitor differentiation. 

Following culture with placenta-derived cells, co-cultured neural progenitor cells derived firom 
adult rat hippocampus exhibited diEfereaitiation along all three major luieages in the central 
nervous system. This effect was clearly observed after five days in co-culture, with numerous 
cells elaborating complex processes and losing their phase bright features characteristic of 
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dividkig progenitor cells. Conversely, neural progenitors grown alone in the absence of bFGF 
and EGF appeared unhealthy and survival was limited. 

After completion of the procedxire, cultures were stained for markers indicative of 
undifferentiated stem and progenitor cells (nestin), immature and mature neurons (TuJl), 
astrocytes (GFAP), and mature oligodendrocytes (MBP). Differentiation along all three lineages 
was confirmed wMle control conditions did not exhibit significant differentiation as evidenced 
by retention of nestin-positive staining amongst the majority of cells. Though differentiation 
also appeared to be influenced by aduU humaa fibroblasts, such cells were not able to promote 
the diffisrentiation of mature oligodendioc3ftes nor were they able to generate an appreciable 
quantity of neurons. Though not quantified, fibroblasts did, however, appear to enhance the 
survival of neural progenitors and their progeny similar to findings for placenta-derived 
postpartum cells. 

Identification of Unique Compounds. Conditioned media fix»m placental test 
conditions along with the ^propriate controls (NPE media ±1.7 % serum, media from co- 
culture with fibroblasts) were examined for differences. Potentially unique compounds were ' 
identified and excised firom their respective 2D gels. 

Summary. Co-culture of adult neural progenitor cells with placenta-derived postpartum 
cells results in differentiation of those cells. In view of the lack of contact between the PPDCs 
and the neural progenitors, this result appears to be a function of soliible factors released firom 
the PPDCs (trophic effect). 

Several other observations were made, First, there were very few cells in the control 
condition where EGF and bFGF were removed. Most cells died and on average, there were 
about 100 cells or fewer per well. Second, it is to be expected that there would be very little 
differentiation in the control condition where EGF and bFGF was retamed in the medium 
throughout, since this is normally an expansion medium. While approximately 70% of the cells 
were observed to retain their progenitor status (nestin+), about 30% were GFAP+ (mdicative of 
astrocytes). This may be due to the fact that such significant expansion occurred throughout the 
course of the procedure that contact between progenitors induced this differentiation. Similar 
findings have been reported in the literature (2), 
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EXAMPLE 24 
Endothelial Network Formation Assay 

Angiogenesis, or the formation of new vasculature, is necessary for the growth of new 
tissue. Induction of angiogenesis is an important therapeutic goal in many pathological 
conditions. The present study was aimed at identifying potential angiogenic activity of the 
placenta-derived ceils in in vitro assays. The study followed a well-established method of 
seeding endothelial cells onto a culture plate coated with MATRIGEL (BD Discovery Labware, 
Bedford, MA), a basement raembrane extract (Nicosia and Ottinetti (1990) Jn Vitro Cell Dev. 
Biol. 26(2):119-28). Treating endothelial cells on MATRIGEL (BD Discovery Labware, 
Bedford, MA) with angiogenic factors will stimulate the cells to form a networic tliat is similar to 
capillaries. This is a common in vitro assay for testing stimulators and inhibitors of blood vessel 
formation (Ito et al. (1996) Int. J. Cancer 67(1): 148-52). The protocols utilized in this example 
made use of a co-culture system with the placenta-derived cells seeded onto culture well inserts. 
These permeable inserts allow for the passive exchange of media coroponents between the 
endothelial and the placenta-derived culture media. 

Material & Methods 
Cell Cultare. 

Placenta-derived cells. Human placentas were received and cells were isolated as 
previously described (Example 1). Cells were cultured in Growtii medium (Dulbecco's 
Modified Essential Media (DMEM; Invitrogen, Carlsbad, CA), 15% (v/v) fetal bovine serum 
(Hyclone, Logan UT), 100 Units/inilliliter penicillin, 100 microgram/miUiliter streptomycin 
Invitrogen), 0.001 % (v/v) 2-mercj^toethanol (Sigma, St. Louis, MO)) on gelatin-coated tissue 
culture plastic flasks. The cultures were incubated at 37 "C with 5 % CO2. Cells used for 
experiments were between passages 4 and 12. 

Actively growing placenta-derived cells were trypsinized, counted, and seeded onto 
COST.AR TRANS WELL 6.5 millimeter diameter tissue culture inserts (Corning, Corning, NY) 
at 15,000 cells per insert. Cells were cultured on the inserts for 48 to 72 hours in growth media in 
standard air with 5 % CO2 at 37 "C. 

Human mesenchymal stem cells (JiMSC). hMSCs were purchased from Cambrex 
(W alkersville, MD) and cultured in MSCGM (Cambrex). The cultures were incubated in 
standard air with 5 % CO2 at 37 *C. 
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Actively growing MSCs were trypsinized and counted and seeded onto Costai® 
Transwell® 6.5 millimeter diameter tissue culture inserts (Coming, Coming, NY) at 15,000 cells 
per insert. Cells were cultured on the inserts for 48 to 72 loours in growth media in standard air 
wifh5%C02at37''C. 

Human umbilical vein endothelial cells (HUVEC). HUVEC were obtained jfrom Camlxrex 
(Walkersville, MD). Cells were grown in separate cultiu-es in either EBM or EGM endothelial 
cell media (Cambrex). Cells were grown on standard tissue cultured plastic in standard air with 
5 % CO2 at 37 °C. Cells used in the assay were between passages 4 and 10. 

Htcman coronary artery endothelial cells (HCAEC). HCAEC were purchased from 
Cambrex Incorporated (Walkersville, MD). These cells were also maintained in separate 
cultures in either the EBM or EGM media formulations. Cells were grown on standard tissue 
cultured plastic in standard air with 5 % CO2 at 37 "C. Cells used for experiments were between 
passages 4 and 8. 

Endothelial Network Formation (MATRIGEL) assays. Culture plates were coated 
with MATRIGEL (BD Discovery Labwaxe, Bedford, MA) according to manufacturer's 
specifications. Briefly, MATRIGEL (BD Discovery Labware, Bedford, MA) was thawed at 4°C 
and approximately 250 microliter was aliquoted and distributed evenly onto each well of a 
chilled 24-well culture plate (Comuig). The plate was then incubated at 37°C for 30 minutes to 
allow the material to solidify. Actively growing endothelial cell cultures were trypsinized and 
counted. Cells were washed twice in Growth media with 2% FBS, followed by centrifugation, 
resuspension, and aspiration of the supernatant. Cells were seeded onto the coated wells 20,000 
cells per well in approximately 0.5 milliliter Growth medium with 2% (v/v) FBS , Cells were 
then incubated for approximately 30 minutes to allow cells to settle. 

Endothehal cell cultures were then treated with either 10 nanoMolar human bFGF 
(Peprotech, Rocky Hill, NJ) or 10 nanoMolar hiunan VEGF O*eprotech, Rocky Hill, KF) to serve 
as a positive control for endothelial cell response, Transwell inserts seeded with placenta- 
derived cells were added to appropriate wells with Growtti medium with 2% FBS in the insert 
chamber. Cultures were incubated in standard air with 5 % CO2 at 37 °Cfor approximately 24 
houns. The well plate was removed from the incubator, and images of the endotheUal cell 
cultures were collected with an Olympus inverted microscope (Olympus, Melville, NY). 

Results 

In a co-culture system with placenta-derived cells, HUVEC form cell networks. HUVEC 
ceUs form limited cell networks in co-culture experiments with hMSC and with 10 nanoMolar 
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bFGF. HUVECceUs without any treatment showed very lime ornojjetwork formation. These 
results suggest that the placenta-derived cells release angiogenic fectors that stimulate the 
HUVEC. 

In a co-culture system with placenta-derived cells, CAECs form cell networks. 

Table 24-1 shows levels of known tmgiogenic factors released by PDCs in Growth 
medium. Placenta-derived cells were seeded onto inserts as described above. The cells were 
cultui-ed at 3TC in atmospheric oxygen for 48 hours on the inserts and then switched to a 2% 
FBS medium and returned at 37°C for 24 hours. Media was removed, immediately frozen and 
stored at -80*C, and analyzed by the SEARCHLIGHT multiplex EUSA assay (Pierce Chemical 
Company, Rockford, IL). Results shown are the averages of dupUcate measurements. The 
results show that the placenta-derived cells do not release detectable levels of platelet-derived 
growth factor-bb (PDGF-bb) or heparin-binding epidermal growth factor (HBEGF). llie cells 
do release measurable quantities of tissue inhibitor of metalloprotease-1 (TIMP-1), angiopoielin 
2 (ANG2), thrombopoietui (TPO), keratmocyte growth factor (KGF), hepatocyte growth factor 
(HGF), fibroblast growth- factor (FGF), and vascular endothelial growth factor (VEGF). 

Table 24-1. Potential angiogenic factors released from placenta-derived cells. 
Cells were cultured in 24 hours in media with 2% FBS m atmospheric oxygen 
Media was removed and assayed by the SEARCHLIGHT multiplex ELISA assay 
(Pierce). Results are the means of a duplicate analysis. Values are concentrations 
in the media reported in picograms per milliliter of culture media. 





TIMPI 
(pg/ml) 


ANG2 
(jpg/ml) 


PDGF- 

BB 
{jpg/ml) 


TPO 
(pg/ml) 


KGF . 
(pg/ml) 


HGF 
(pg/ml) 


FGF 
(pg/ml) 


VEGF 
(pg/ml) 


HB- 
EGF 
(pg/ml) 


Plac 
(P4) 


91655.3 


175.5 


<2.0 


275.5 


3.0 


58.3 


7.5 


644.6 


<1,2 


Plac 
(Pll) 


159283 
2.4 


28.1 


<2.0 


1273.1 


193.3 


5960.3 


34.8 


12361.1 


1.7 


Media 
alone 


<9.S 


25.1 


<2.0 


<6.4 


<2.0 


<3.2 


<5.4 


<4.0 


<1.2 



Table 24-2 shows levels of known angiogenic factors released by PDCs. PDCs were 
seeded onto inserts as described above. The cells were cultured in Growth medium at 5% 
oxygen for 48 hours on the iuserts and then switched to a 2% FBS medium and returned to 5% 
O2 incubation for 24 hours. Media was removed, immediately frozen, and stored at -80°C, and 
analyzed by the SEARCHLIGHT multiplex ELISA assay (Pierce Chemical Company, Rockford, 
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EL). Results shown are the averages of dupli<?ate measurements. The results show that the 
placenta-derived cells do not release detectable levels of platelet-derived growth factor-bb 
(PDGF-BB), or heparin-binding epidermal growth fector (HBEGF). The cells do release 
measurable quantities of tissue inhibitor of metallinoproteas&-l (TIMP-1), angiopoietin 2 
(ANrG2), thrombopoietin (TPO), keratinocyte growth fector (KGF), hepatocyte growth factor 
(HGF), jBbroblast growth factor (FGF) and vascular endothelial growth fector (VEGF). 

Table 24-2. Potential angiogenic factors released from placenta-derived ceils. 
Cells were cultured in 24 hours in media with 2% FBS in 5% oxygen. Media was 
removed and assayed by the SEARCHLIGHT multiplex ELISA assay (Piei-ce). 
Results are the means of a duplicate analysis. Values are concentrations in the 
media reported in picograms per milliter of culture media. 





TIMPl 
(pg/ml) 


ANG2 
(pg/ml) 


PDGF- 
BB 
(pg/ml) 


TPO 
(pg/ml) 


KGF 
(pg/ml) 


HGF 
(pg/ml) 


FGF 
(pg/ml) 


VEGF 
(pg/ml) 


HB- 
EGF 
(pg/ml) 


Plac 
CP4) 


72972.5 


253.6 


<2.0 


743.1 


■ 2.5 


30.2 


15.1 


1495.1 


<1.2 


Plac 
(Pll) 


458023.1 


55.1 


<2.0 


2562.2 


114.2 


2138.0 


295.1 


7521.3 


1.8 


Media 
alone 


<9.8 


25.1 


<2.0 


<6.4 


<2.0 


<3.2 


<5.4 


<4.0 


<1.2 



Summary. The results show that placenta-derived cells can straiulate both human 
umbilical vein and coronary artery endothelial cells to form networks in an in vitro MATRIGEL 
(BD Discovery Labware, Bedford, MA) assay. This effect is similar to that seen with known 
angiogenic factors in this assay system. These results suggest that PDCs are useful for 
stimulating angiogenesis in vivo. 

EXAMPLE 25 

Transplantation of Placenta-Derived Cells under the Kidney Capsule 

Transplantation of pancreatic islets to the kidney capsule is routinely performed to 
evaluate transplantation methodologies for the treatment of diabetes (Refaie et al. (1998) Trans. 
Proc. 30:400-403). In addition to pancreatic islets, other cells may be differentiated into insulin- 
secreting cells capable of blood glucose homeostasis. The purpose of this study was to determine 
whether cells derived from human placenta could survive when implanted under the kidney 
capsule in immune-deficieEut mice, hi addition, placenta-derived cells were mixed with GM-CSF 
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moWUzed CD34+ cells to determine whether these cells could promote vascularization and 
survival of the placeaita-derived cells. 



MetJtods & Materials 

Cell Culture. Cryopreserved placenta-derived cells (isolate 1, PIO) were removed firom 
Uquid nitrogen storage and gi-own in Growth medium (DMEM-low glucose (Gibco Carlsbad 
CA), 15% (v/v) fetal bovine ^^mm (Hyclone, Logan, UT). 0.001% (v/v) betamercaptoethanol 
(Sigma, St Louis, MO), 50 Units/milUliter penicillin, 50 microgram/milUHter streptomycin 
(Gibco)) on gelatin (Sigma)-coated T225 (Coming, Coming, NY) flasks until confluent. 

Cells from two flasks were washed with Phosphate buffered saline (PBS) and a single 
cell suspension was obtained by using Trypsin/EDTA, (Gibco). Cryopreserved GM-CSF 
mobilized CD34+ cells were purchased fiom Cambrex, Walkersville, MD Qat 1F0174 donor 
7956). CD34+ cells were thawed and washed in DMEM medium. 

The cell suspension was washed twice in DMEM. CeU number and viability was 
estimated after trypan blue (Sigma) staining using a hemocytometer. Aliquols of the ceU 
suspension containing -300,000 viable ceUs were centrifoged at 150 x g, and the cells were 
resuspended in ^proxhnately 6 microliter of DMEM and drawn into a 20 microliter pipette tip 
connected to a 1 milliliter syringe. The tip of &e pipette tip containing the cells was clamped 
using a small Ligaclip (Efhicon Endosurgery, Cincinnati OH). 
Animal preparation. 

Mice (Mus Musculus)/Fox Chase SCID/Male (Harlan Sprague Dawley. Inc., 
Indianapolis. Indiana). 8 weeks of age. All handling of the SCID mice took place under a hood. 
The mice were individuaUy weighed and anesthetized with an mtraperitoneai injection of a 
mixture of 60 milligrams/kilogram KETASET (ketamine hydrochloride, Aveco Co., Inc., Fort 
Dodge, Iowa) and 10 milligrams/kilogram ROMPUN (xylazine, Mobay Corp., Shawnee, 
Kansas) and sahne. After induction of anesthesia, the entire back of the animal from the dorsal 
cervical area to the dorsal lumbosacral area was clipped free of hair using electric ammal 
cMppers. The area was scrubbed with chlorhexidine diacetate, rinsed with alcohol, dried, and 
painted with aa aqueous iodophor solution of 1% available iodine. Ophthalmic ointment was 
apphed to the eyes to prevent drj'ing of the tissue during the anesthetic period. The anesthet 
and siurgically prepared animal was placed m the desired recumbent position. A transverse 
incision was made on the left abdominal side approxhnately 2 cm caudal to the rib cage of 
animal. The kidney was exposed and the capsule pierced with a 26-gauge needle. A capsule 
lance (modified glass pipette tip) was used to create a space beneath the kidney capsule into 
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wliicli liie cells were mtroduced. The cells were injected via a syringe with a inicropipette tiyp 
attached The pocket was closed by passing an ophflialniiccaiiteiy pea (Aaron medical 
Industries, St Petersburg, Florida) over the opening (not touching the kidney). The kidney was 
placed back in the correct anatoanical position and the muscle layer sutured closed. The skin was 
closed with wotrad clips. 

The experimental design comprised one transplantation of cells per mouse (Table 25-1); 
four treatments with n-value of 4 per treatment; and teee time-points (1, 14, and 30 days). 

Mice were euthanized at their designated intervals by cai-bon dioxide inhalation. The 
kidney implantation sites were excised and frozen for histology. 

Immanohistochemistiy. ' Frozen kidney implantation sites were embedded on edge in 
O.C.T. Compomid (Sakura, Torrance, CA). The kidney tissue was trimmed by cryosectioning to 
yield a five-micron section of the implantation site and adjacent tissue. Yielded sections were 
fixed in freshly prepared 4% paraformaldehyde (EM Sciences Gibbstown, NJ) in phosphate 
buffered saline (Gibco) for 15 minutes. Sections were washed in PBS and incubated in 3% goat 
serum in PBS blocking solution for one hour. Blocking solution was removed by gentle 
aspiration. Sections were incubated in anti-human nuclei antibody (Chemicon hitemational, 
Temecula, CA) diluted 1 :100 in blocking solution for one hour. Sections were washed with PBS 
and incubated in fluorescent labeled goat anti-mouse IgG antibody (Molecular Probes Eugene, 
OR) diluted 1 :200 in blocking solution for 30 minutes in absence of light Sections were washed 
m PBS and incubated m 10 microMolar DAPI (Molecular Probes Eugene, OR) for five minutes. 
Sections were washed in PBS and examined by fluorescent microscopy. 

Tri-Chrome Staining. Frozen kidney implantation sites were embedded on edge ui 
O.C.T. Compound (Sakura Torrance, CA). The kidney tissue was trimmed by cryosectioning to 
yield a five-micron section of the implantation site and adjacent tissue. Yielded sections were 
fixed in 10% neutral buffered formalin (Richard-Allan Scientific BCalamazoo, MI) for 15 
ininutes. Sections were stained tiri-chrome (Poly Scientific Bay Shore, NY) using manufacturer's 
methods. 



Table 25-1. SdD Mouse Kidney Capsule Cell Transplantation Scheme 



Animal (#) 


Post-Transplantation Days 


Kidney Capsule (left) 


1 


1 


1 


2 


1 


1 


3 


1 


1 
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1 


- - ^ 




14 




6 


14 




7 


14 




8 


14 




9 


30 




10 


30 




11 


30 




12 


30 




13 


1 


2 


14 


1 


2 


15 


1 


2 


16 


1 


2 
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1 . 3 X 1 0'' cells jfrom placenta 

2. 3 X 10^ ceUs ftom placenta +3x10^ CD34+cells 
Added animal # 25-27 as control (No cells) 



Results 

The viability of the placenta-derived ceils was -75% and the 0334+ cells was 95%, 
Mtial attempts to transplant 1 x lO'' viable cells were unsuccessfiil due to inadequate size of the 
kidney capsule to accommodate the cells. Cells were transplanted within 3 hours of 
trypsini2ation, The localization of placenta-derived cells under the kidney capsule was observed 
microscopically. There were no apparent differences in the number and distribution of placenta- 
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derived cells with or without CD34+ cells at each time point. There was an apparent decrease in 
cell numbers over time. 

Staining of cells under the Mdney capsule showed the retention of transplanted cells. 
Human cells were detected using the human nuclear antigen. All cells (human and mouse) were 
detected using DAPI. 

Summary. Transplantation of cells into the renal capsule was successful. 
Undifferentiated placenta-derived cells (3 x 10^) pre-treated with growth factors with or without 
3 X 10^ GM-CSF mobilized CD34+ cells were transplanted beneath the capsule of the Iddney. 
Animals were sacrificed at 1, 14, and 30 days following cell transplantation. Cells survived at 1, 
14, and 30 days with a reduction in apparent cell numbeas at 30 days. The presence of GM-CSF 
mobilized CD34+ cells did not effect the survival of placenta-derived cells. This study 
demonstrates that placenta-derived cells can be transplanted to the kidney capsule. 

Example 26 
Transplantatioa of Placenta-Derived Cells 

Cells derived &om the postpartum placenta are useful for regenerative therapies. The 
tissue produced by placenta-derived cells transplanted into SCID mice with a biodegradable 
material was evaluated. The materials evaluated were VICRYL nonwoven, 35/65 PCL/TGA 
foam, and RAD 16 self-assembling peptide hydrogel. 

Methods & Materials 

Cell Culture. Placenta-derived cells were grown in Growth medium (DMEM-low 
glucose (Gibco, Carlsbad CA), 15% (v/v) fetal bovine semm (Cat. #SH30070.03; Hyclone, 
Logan, UT), 0.001% (v/v) betamercaptoethanoi (Sigma, St. Louis, MO), 50 Units/milhliter 
penicillin, 50 microgram/milliliter streptomycin (Gibco)) in a gelatin-coated flasks. 

Mati-ix Preparation. A nonwoven scaffold was prepared using a traditional needle 
punching technique as described below. Fibers, comprised of a synthetic absorbable copolymer 
of glycolic and lactic acids (PGA/PLA), sold under the tradename VICRYL were obtained from 
Ethicon, Inc. (Somerville, NJ). The fibers were filaments of approximately 20 microns in 
diameter. The fibers were then cut and crimped into uniform 2-inch lengths to form 2-inch 
staple fiber. A dry lay needle-punched nonwoven matrix was then prepared utilizing the 
VICRYL staple fibers. The staple fibers were opened and carded on standard nonwoven 
machinery. The resultmg mat was in the fbrmofwebbed staple fibers. The webbed staple fibers 
weire needle-punched to form the dry lay needle-punched nonwoven scaffold. The nonwoven 
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scaffold was rinsed in water foUowed by anotiier incubation in e&anol to remove any residual 
chemicals or pracessing aids used dming tiie manufecturing process. 

Foams, composed of 35/65 poiy(epsilon-caprolactone)/poly(gIycolic acid) (35/65 
PCaTPGA) copolymer, werer formed by the process of lyophilized, as discussed in U.S. Patent 
No. 6,355,699. 

Sample Preparation. One million viable cells were seeded in 15 microliter Growth 
medium onto 5 millimeter diameter, 2.25 millimeter thick nonwoven scaffolds (64.33 
milligram/cubic centimeters) or 5 miUuneter diameter 35/65 P(X/PGA foam disks. Cells were 
• aUowed to attach fer two hours before adding more Growth medium to cover the scaffolds. Cells 
were grown on scaffolds oveinight. Scaffolds without ceUs were also incubated in medium. 

RADie self-assembling peptides (3D Matrix, Cambridge, MA under a material transfer 
agreement) was obtained as a sterile 1 % (w/v) solution in water, which was mixed 1 : 1 with 1 x 
lO*^ ceUs in 10% (w/v) sucrose (Sigma, St Louis, MO), 10 millkuolar HEPES in Dulbecco's 
modified medium (DMEM; Gibco) immediately before use. The final concentration of cells in 
RAD16 hydrogel was 1 x 10** cells/100 microliter. 

TEST MATERIAL (N=4/Rx) 

1 . VICRYL nonwoven +1x10*^ placenta-derived cells 

2. 35/65 PCL/PGA foam +1x10^ placenta-derived cells 

3 . RAD 1 6 self-assembling peptide +1x10^ placenta-derived cells 

4. 35/65 PCL/PGA foam 

5. VICRYL nonwoven 

Animal Preparation. The animals utilized in this study were handled and maintained m 
accordance with the current requirements of the Animal Welfere Act. Compliance with the above 
Public Laws were accomplished by adhering to tlie Animal Welfare regulations (9 CFR) and 
conforming to the current standards promulgated in the Guide for the Care and Use of 
Laboratory Animals, 7th edition. 

Mice (Mus Musculus)/Fox Chase SCID'/Male (Harlan Sprague Dawley. Inc., 
Indianapolis, Indiana), 5 weeks of age. All handling of the SCID mice took place under a hood. 
The mice were individually weighed and anesthetized with an intraperitoneal injection of a 
mixture of 60 milligram/kilogram KETASET (ketaniine hydrochloride, Aveco Co., Inc., Fort 
Dodge, Iowa) and 10 miUigram/ldlogram ROMPUN (xylazine, Mobay Corp., Shawnee, Kansas) 
and saline. After mduction of anesthesia, the entke back of the animal firom the dorsal cervical 
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area to the dorsal liimbosacral area was clipped jOree of hair using electric atmnal clippers. The 
area was then scrubbed witii chlorhexidine diacetate, rinsed with alcohol, dried, and painted witti 
an aqueous iodophor solution of 1 % available iodine. Ophthalmic ointment was applied to the 
eyes to prevent drying of the tissue during the anesthetic period 

Subcutaneous Implantation Technique. Four skin incisions, each approximately 1.0 
cm in length, were made on the dorsum of the mice. Two cranial sites were located transversely 
over the dorsal lateral thoracic region, about 5-milUmeter caudal to the palpated inferior edge of 
the scapula, with one to the left and one to the right of tiae vertebral column. Another two were 
placed transversely over the gluteal muscle area at the caudal sacro-lumbar level, about 5-mm 
caudal to the palpated iliac crest, with one on either side of the midline. Implants were randomly 
placed in these sites. The skin was separated from the underlying connective tissue to make a 
small podcet and the implant placed (or injected for RAD16) about l-cm caudal to the incision. 
The appropriate test material was implanted into the subcutaneous space. The .sTd n incision was 
closed with metal clips. 

Animal Housing. Mice were mdividually housed in microisolatar cages fhioughout the 
course of the study within a teniperature range of 64°F - 79°F and relative humidity of 30% to 
70% and were maintained on an approximate 12 horn- light/12 hour daris: cycle. The temperature 
and relative humidity were maiatained withm the stated ranges to the greatest extent possible. 
Diet consisted of Irradiated Pico Mouse Chow 5058 (Purina Co.) and water fed ad libitum. 

Mice were euthanized at their designated intervals by carbon dioxide inhalation. The 
subcutaneous inqjiantadon sites with their overlying sMn were excised and frozen for histology. 

Histology. Excised skin wifli implant was fixed with 1 0% neutral buffered formalin 
(Richard-Allan Kalamazoo, MI). Samples with overlyiug and adjacent tissue were centrally 
bisected, paraffin-processed, and embedded on cut surface using routine methods. Five-micron 
tissue sections were obtained by microtome and stained with hematoxylui and eosin (Poly 
Scientifrc Bay Shore, NY) using routine methods. 

Results 

There was minimal ingrowth of tissue into foams implanted subcutaneously in SCID 
mice after 30 day. In contrast there was extensive tissue fill in foams implanted with placenta- 
derived cells. 

There was some tissue in growth in VICRYL nonwoven scaffolds. Nonwoven scaffolds 
seeded with placenta-derived cells showed mcreased matrix deposition and mature blood vessels. 
It was not possible to identify the point of injection of RAD16 and cells. 

-133- 



wo 2005/001076 PCT/US2004/020816 

Summary. The purpose of this study was to detemune the type of tissue formed by cells 
daived from human placeaita in scaffolds in immune deficient mice. Synthetic absorbable 
nonwoven/foam discs (5.0 millimeter diameter x l.O millimeter thick) or self-assembling peptide 
hydrogel were seeded with cells derived firom human placenta aad implanted subcutaneously 
bilaterally in the dorsal spine region of SCID mice. It has been demonstrated that placenta- 
derived cells can dramatically increase good quahty tissue formation in biodegradable scaffolds. 

EXAMPLE 27 
Assessment of PlaceufaTDerived Cells for Cardiovascular 
Therapy in a Rodent Coronary Ligatibn Model 

The efficacy of mtracardiac human placenta-derived ceU treatment when administered 1 5 
minutes post-coronary artery occlusion was evaluated ia a rodent model of myocardial 
ischemia/infarction. 

Methods & Materials 

The Charles River Worcester, MA test facility is accredited by the Association for the 
Assessment and Accreditation of Laboratory Animal Care, hitemational (AAALAC) and 
registered witli tlie United States Department of Agriculture to conduct research in laboratory 
animals. All the conditions of testing will conform to the Animal Welfare Act (9 CFR) and its 
amendments. The protocol was reviewed and approved by the Institutional Anunal Care and Use 
Committee (lACUC) at the Test Facility for compliance with regulations prior to study initiation. 

The animals having characteristics identified in Table 27-1 were individually housed in 
micro-isolator cages on autoclaved bedding. The cages conform to standards set forth in The 
Guide for the Care and Use of Laboratory Animals. 

Table 27-1. Animal characteristics 

Species: Rattus norvegicus 
Strain: Rnu 

Source: Charles River Laboratories 
Age at Dosing: 6-8 weeks 
Weight at Dosing: -200-250 grams 
Number of Males (iacluding spares): 40 + 10 

Purina Certified Diet (iiTadiated) was provided to the ammals ad libitum. This diet was 
routinely analyzed by the manufactuier for nutritional components and environmental 
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contaminants. Results of the manufacturer's analyses are dii file at the Test FaciEty. Autoclaved 
Filtered tap water was provided ad libitum. Samples of the filtered water were analyzed for total 
dissolved solids, hardness, specified microbiological content, and selected environmental 
contaminants. Results of tliese analyses are on file at flae Test Facility. 

Environmental controls were set to maintain temperatures of 18 to 26°C (64 to 79°?) with 
a relative humidity of 30% to 70%. A 12:12 hour lightrdark cycle was maintained. Ten or 
greater air changes per hour were mamtained in the animal rooms. Upon receipt and prior to use 
on the study, the animals were held for a minhnum of four days for conditioning according to the 
Test Facility Vendor Management Program as described in the Test Facility Standard Operating 
Procedure, Receipt, Conditioning, and Quarauthie of Laboratory Animals. 

Each animal was identified by a unique nmnbex and this number was indicated by an ear 
punch. Animals were randomly assigned to groups by a weight-ordeared distribution such that 
individual body weights did not exceed ±20% of mean weight. 

The animals were anesthetized vsrith sodium pentobarbital (40 milligram/kilogram) and 
bupre!norphine(0.05 milligraio/kilogram) as a single cocktail given intramuscularly (IM). 
Following the establishment of anesthesia, animals were intubated using an 18-16 gauge, 2-uich 
length angiocath, or appropriate sized angiocath, and maintained on room air respiration 
(supplemented with oxygen) and a positive pressure ventilator thi-oughout the surgical procedure. 
Additional anesthesia was given incrementally as needed. Preoperative antibiotic therapy was 
also administered, Benzatliiue/Procaine penicillin G, 40,000 Units/kilogram, IM. Additional 
antibiotic therapy was administered every 48 hours. 

Electrode pads were placed aromid the appropriate paws of the animals to receive a 
useable electrocardiogram (ECG) signal. Animals were positioned on a heating pad to help 
maintain body temperature throughout the procedure. A rectal temperature probe was inserted 
into the animal to monitor body temperature. Ophthahnic ointment was administered to each 
eye. The surgical sites (thoracic area) were prepared for aseptic surgery by removing any excess 
fiir, and gently wiping the area with sponges that have been soaked in 70% isopropyl alcohol, 
which was allowed to dry. Medi Sepps™ or smiilar solution was then applied to the area and 
also allowed to dry. The area was appropriately draped for strict aseptic surgery. 

A surgical incision was made on the skin over the fourth intercostal space. Blunt 
dissection through the muscle layers was used to access the thoracic cavity. A retractor was 
carefully inserted into the fourth intercostal space and opened to allow access to the interior 
cavity. The pericardium was carefidly opened via gentle teasing witii cotton swabs dampened in 
sterile saline solution. A damp cotton swab was used to geaatly push the apex of tlie heart into the 
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Opening where a lec^ of 6-0 silk suture was attached into the myocardium for manipulation of 
the heart. After a pause to allow the heart to recover, the suture placed in the apex was used to 
ease the heart out of the chest cavity and to place sufficient tension on the heart to allow access 
to the upper heart and flie left anterior descending coronary artery (LAD). Another length of 6-0 
silk suture was placed into the myocardium so as to surround the LAD. The pressure on the 
q>ical suture was released and the heart allowed to return to the interior of the chest cavity. 

Once the heart rate and ECG retimied to baseline values, the ligatures around the LAD 
were tied off to occlude the LAD. This was a permanent occlusion with tlie suture tied off and 
the ends trimmed. Once the ligature was tied, the surgeon looked for the following indications of 
successful occlusion: change m color of the area of the heart directly below the hgature to a 
whtte/grayish white as a result of the termination of blood flow to the area and a significant 
change in the ECG corresponding to occlusion of the LAD. Arrhythmias may have developed 
within the first 10 minutes of the occlusion. The rat was monitored closely during this time 
period ill the event that resuscitation was necessary, hi the event of severe atrhythmia and 
fdlure of the rat to convert to nomial sinus rhythm without assistance, aid was rendered via 
cardiac massage. Approximately 1 5 minutes following the initiation of the LAD occlusion, the 
area of left ventricle made ischemic was treated with either vehicle or test article by direct 
injection into the ischemic myocardium. Treatment consisted of three to ten intramyocardial 
injections (100 microliter/injection) into the ischemic zone of myocardium. 

Human cells were grown in Growth medium (DMEM-low glucose (Gxbco, Carlsbad 
CA), 15% (v/v) fetal bovine serum (Cat. #SH30070.03, Hyclone, Logan UT), 0.001% (v/v) 
betamercaptoethanol (Sigma, St Louis, MO), 50 Units/milliliter penicillin, 50 
microgram/milhliter streptomycin (Gibco, Carlsbad CA), in a gelatin-coated T300 flasks. CeUs 
were washed with phosphate buffered sahne (PBS, Gibco, Carlsbad CA) and txypsinized using 
Trypsin/EDTA (Gibco, Carlsbad CA). The trypshiization was stopped by adding Growth 
medium. The cells were centiifuged at 150 x g, supernatant removed, and the cell pellet was 
resuspended in approximately 1 imlliHter Growth medium per million cells. An aliquot of cells 
was removed and added to trypan blue (Sigma, St. Louis, MO). The viable cell number was 
estimated using a hemocytometer. The cell suspension was centrifixged and resuspended in 1 
milliliter Growth containing 10% (v/v) DMSO (Hybrimax, Sigma, St. Louis, MO) per 5 million 
cells and transferred into Cryovials (Nalgene). The cells were cooled at approximately 
1 °C/minute overnight in a -80°C feezer using a "Mr Frosty" freezing container (Nalgene, 
Rochester, NY). Vials of cells were transferred into liquid nitrogen. Vials were shipped jQrom 
CBAT, Somerville, NJ to Charles River, Worcester, MA on dry ice and stored at -80°C. 
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Approximately 1-2 hours before irgection of cells into the animal, a vial of ceils was thawed 
rapidly in a 37°C water bath. Under aseptic conditions in a BSL2 biosafety cabinet, cells were 
added to 40 niiUiliters PBS with magnesium and calcium (Sigma St. Louis, MO) and centri&ged 
at 150 X g for 5 minutes before resuspending ihe cell peUet in 10 milHUters PBS. The cell 
number and viability was estimated as described above. The cells were centrifiiged at 150 x g for 
5 minutes and resuspended in PBS at a final concentration of 10^ viable cells 7100 microliter. 
The cell suspension was loaded into 1 milliliter syringes with a 30G needle and kept on ice. 
Viability was assessed again up to 5 hours on ice. 

Following the administration of treatment (Table 27-2) and stabilization of the heait, the 
surgeon began closing the surgical incision. The retractor was removed. The lungs were over- 
inflated for 3 - 4 breaths and visually inspected as much as possible to ensure that tliey were 
fully re-inflated. This created a negative pressure necessary to prevent pneumothorax post- 
recovery. To evacuate fluid and excess air from the thoracic cavity after closuig the cavity, an 
intravenous catheter (i.e., 20 gauge, 2 millimeter in length) was placed through the skin and 
muscle layers so that the tip remains iA the thoracic cavity. Care was taken so that the tip did not 
pierce the lung or heart The separated ribs and associated muscle was sutured together with 
appropriate suture. The upper layers of muscle was sutured usmg a simple contmuous pattern. 
The skin was closed with 4-0 silk using a horizontal mattress pattern. A 10 miUiUter syringe was 
attached to the intravenous catheter tliat had been previously placed in the thoracic cavity and the 
plunger slowly pulled back to withdraw fluids and air from the cavity. At the same time, the 
caflieter was slowly witlidrawn from the eaitry site, thereby allowing the surromading muscle 
mass and skin to seal the puncture. The surgical drape was removed and fluids (i. e., lactated 
Ringers solution, 25 milUhter/kilogram subcutaneously [SC] or intraperitoneally [IP]) were 
given. 

Table 27-2 Treatment regimens 



-137- 



wo 2005/001076 




Placenta #4 (PIO) 
(A) 



;nta#3(PI0) 
(CJ 



Human 
fibroblasts 
1F1853 (f 10) (D) 



Dosage 
Level 
(ceUs/animal) 



Dose Cone. 
(cells/mL) 



~ Gr. = Group; No, - Number; Cone. = Cooccntration 



Direct 
injection(s) into 

flie ischemic 
region of the left 
ventricle of the 



of 3 to 10 
intrarayocardial 
injections of 
100 microliters 
total. 



PCT/US2004/020816 

Time of 
Treatment 
Administration 



15 minutes 
after coronary 
artery ligal ' ' 



Immediately after each rat had undergone treatment with test article and tlie incision 
sutured, the animal underwent an echocardiography (ECG) examination. Anesthesia was 
maintained throughout the completion of the echo examination. Upon the completion of the 
echo examination, ventilation was discontinued, aM the rat was returned to the recovery area to 
recover in a heated, oxygenated recoveay cage. ' 

A second echo examination of each surviving animal was completed at the end of the 
study (approximately 28 days post-treatment), prior to termination. Daring the second 
examination, the animals were anesthetized as described previously. 

For each echo examiuation, the left thoracic area was shaved, and warmed, ultrasonic gel 
was applied to the sldn to enhance contact with the transducer. Electrode pads were placed 
around the appropriate extreinities to receive an ECG signal. Echocardiographic images 
included short axis and long axis views to allow for the determination of ventricular cavity 
dimensions, contractility, blood flow through vasciilature, and wall thickness. These images 
were saved on optical disk for fijrther analysis. After examination, the gel medium was removed 
from the slcin with gauze or paper towel. The rat was removed from the ventilator and placed in 
a warmed recovery cage until mobile. 

At the conclusion of the surgical procedures, respiratory ventilation was turned off. The 
animals were observed for pedal reflex. The rectal probe and ECG electrodes subsequently were 
removed, and the animal was extubated and placed in a warmed oxygenated recovery cage. 
After complete recovery from anesthesia, the animals were given buprenorphine (0.05 
milHgram/ldlogram, SC). Obsei^ations were made regularly until the animals showed fLdl 
mobility and an interest in food and water. The animals then were placed in a clean housing 
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cage and returned to the animal ho^ room. Animals were monitored for surgical incision 
integrity twice daily post-surgery. 

Analgesics {le., Buprenorphine, 0.05 milligram/kilogram SC) were given twice daily for 
4 days post-operatively and thereafter as needed. Visual indications of post-operative pain 
include lack of normal body postures and movement (e.^., animal remains in hunched position), 
antipathy, lack of eating/drinking, lack of grooming, etc. 

Body weight was recorded for each animal prior to initial treatment, weeldy Ihereafter, 
and on the day of necropsy. Animals found dead were weighed and necropsied. 

In order for the heart to be harvested, each rat was anesthetized as was done for surgery. 
The jugular vein was cannulated. The heart was arrested in diastole with potassiimi chloride 
in&sed via die jugular cannula. Hie heart was then removed firom the thoracic cavity. A limited 
necropsy was then perfoimed on the heart after which the heart was placed in 1 0% neutral 
buffered formalin. The remainder of each carcass was then discarded with no further evaluation. 

Hearts of all animals that were found dead or euthanized moribund were placed in 4% 
paraformaldehyde until evaluated. The remainder of each carcass was then discai'ded with no 
furtlier evaluation. . 

Histology and Image Analysis. Fixed tissues sectioned with a stainless steel coronal 
heart matiix (Harvard Apparatus Holliston, MA) yielded four two-millimeter thick serial tissue 
sections. Sections were processed and serially embedded in paraffin using routine methods. 
Five-micx-on sections were obtained by microtome and stained Masson's Tri-chrome for 
Connective Tissue (Poly Scientific Bay Shoi^, NY) using maaufictura-'s methods. Electronic 
photomicrographs were captured and analyzed using image analysis methods developed by 
Phase 3 Imagmg System (Glen Mills, PA). Photomicrographs of the tri-chrome stained sections 
were color-metrically analyzed electronicaUy to determme the overall area of the ventricle aad 
free wall and the area of the differential staining, 

Results 

There was no loss in the initial viability of cells over 5 hours m the vehicle when kept on 
ice. Cells were injected into the inftrct with one to three needle entry pomts and multiple 
changes in dnection of needle orientation. 

Echocardiography measurements were taken from the infarct-treated rats. Fractional 
shortening of flie vehicle-treated animals had a significant decrease from Al.1% ± 8.3% at Day 0 
to 23.5% ± 30.2% at Day 28 (p<0.05). The animals that were treated with placenta-derived cells 
showed small, non-significant differences between the fractional shortening between Day 0 and 



wo 2005/001076 PCT/US2004/020816 

28. ThenB was no significant difference between the fractional shortening between the groups at 
Day 0. Each group had eight animals at the start but some did not survive the experiment. The 
fibroblast-treated animals experienced greater mortality than those treated with PDCs. 

Hearts collected at the study termination were subjected to histological analysis. The 
hearts were arrested in diastole and fixed. The results were calculated from an algorithm to 
estimate the percentage of total heart area that comprises the infarct The infarct size in the 
vehicle-treated animals was 22.9% ± 6.7% of heart area, while the infarct size in hearts treated 
with two different isolates of placenta-derived cells was 13.9% ± 3.7% and 12.9% ± 3.4%, 
respectively, and with fibroblasts was 19.3% ± 8.0%. The difference of infarct size of cell- 
treated animals relative to vehicle-treated animals was not statistically significant, as determined 
byt-test/ANOVA. 

Summary. The results of the present study suggest that the placenta-derived cells have 
some benefit in reducing the damage of a surgically induced myocardial infarction in rats. The 
vehicle-treated animals showed a significant reduction in cardiac ftinction at day 28 as compared 
to day 0, as measured by fractional shortening, while the placenta-derived cell-treated animals 
showed minimal change over the 28-day study. The fibroblast-treated animals showed minimal 
change but only two animals survived the study. Evaluation of infarct size suggested that there 
may be some modest, but not statistically significant, reduction in the infarct size in the placenta- 
derived cell-treated animals as compared to the vehicle controls at Day 28. Taken together, these 
data support efficacy of the placenta-derived cells in reducing damage from a myocardial 
infarction. 

EXAMPLE 28 

Use of Placenta-Derived Cells in the Treatment of Retinitis Pigmentosa 

Currently no real treatment exists for blinding disorders that stem from the degeneration 
of cells in the retina. Loss of photoreceptors as a result of apoptosis or secondary degeneration 
lead to progressive deterioration of vision, and ultimately to blindness. Diseases in which this 
occurs include age-related macular degeneration (AMD) and retinitis pigmentosa (RP). RP is 
most commonly associated with a single gene mutation, which contributes to photoreceptor cell 
death. 

The retinal photoreceptors and adjacent retinal pigment epithelium form a functional unit. 
The Royal College of Surgeons (RCS) rat presents with a tyrosine receptor kinase (Merkt) defect 
affecting outer segment phagocytosis, leading to photoreceptor ceil death (D'Cruz et al. (2000) 
Hum. Mol. Genet. %A)-M5-5V). 
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Transplantation of retinal pigment epithelial (RPE) ceUs into the subretinal space of RCS 
rats was found to limit the progress of photoreceptor loss and preserve visual function (U and 
Turner (1988) Exp Eye Res. 47(6):911-7). In this example, it is demonstrated that placenta- 
derived cells can be used to promote photoreceptor rescue in a RCS model. 

Methods & Materials 

Cell transplants. Cultures of human placental and adult fibroblast cells (passage 10) 
were expanded for 1 passage. All cells were initially seeded at 5,000 celis/cm^ on gelatin^;oated 
T75 flasks in growth medium ((DMEMiLow glucose (Invitrogen, Carlsbad, CA), 15 % (v/v) 
defined bovine serum (Hyclone, Logan, UT; Lot#AND18475), 0.001% 2-mercaptoethanol 
(Sigma, St. Louis, MO), 50 Units/milliliter penicillin, 50 microgram/milliliter streptomycin, 0.25 
micrograms per milliliter amphotericin B; Invitrogen, Carlsbad, CA)). For subsequent passages, 
all cells were treated as follows. After trypsinization, viable cells were counted after trypan Blue 
staining. Briefly, 50 microliter of cell suspension was combined with 50 microliter of 0.04% w/v 
trypan Blue (Sigma, St. Louis MO) and the viable cell number, was estimated using a 
heamocytometer. CeUs were trypsinized and washed three times in supplement free- 
DMEMrLow glucose medium (Invitrogen, Carlsbad, CA). Cultures of human placental and 
fibroblast cells at passage 11 were trypsinized and washed twice in Leibovitz's L-15 medium 
(Invitrogen, Carlsbad, C A). For the transplantation procedure, dystrophic RCS rats were 
anesthetized with xylazin&-ketamine (1 milligramykilogram intraperitoneal (i.p.) of the following 
mixture: 2.5 milliliters xylazme at 20 milligram/milliliter, 5 milliliters ketamine at 100 
milligram/milliliter, and 0.5 milliliter distilled water) and their heads secured by a nose bar. 
Cells devoid of seium were resuspended (2 X 10^ cells per injection) in 2 microliter of Leibovitz, 
L-15 medium (Invitrogen, Carlsbad, CA) and transplanted using a fine glass pipette (internal 
diameter 75 to 150 microliter) trans-scerally. Cells were delivered into the dorso-temporal 
subretinal space of anesthetized 3 week old dystrophic-pigmented RCS rats (total N=10/cell 
type). 

Cells were injected unilaterally into the right eye, while the left eye was injected with 
carrier medium alone (Sham control; Leibovitz's L-15 medium). Viability of residual transplant 
cells remained at greater than 95% as assessed by trypan blue exclusion at the end of the 
transplant session. After cell injections were performed, animals were injected with 
dexamethasone (2 miUigramMlogram) for 10 days post transplantation. For the duration of the 
study, animals were maintained on oral cyclosporine A (210 milligram/UtEr of drinking water; 
resulting blood concentration: 250-300 microgram/liter) (Bedford Labs, Bedford, Ohio) from 2 
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days pie-transpIantation until end of the sludy. Food and water were available ad libitum. 
Animals were sacrificed at 60 or 90 days postoperatively, with some animals being sacrificed at 
earlier timepoints for histological assessment of short-term changes associated with cell 
transplantation. 

ERG recoi^ngs. Following overnight dark adaptation, animals were prepared for ERG 
recording under dim red light, as previously described (Sauve et a/.(2004) Vision Res. 
Jan;44(l):9-18). In brief, under anesthesia (with a mixture of 150 milligram/kilogram i.p 
ketamine, and 10 milligram/kilogram i.p. xylazine), the head was secured with a stereotaxic head 
holder and the body temperature monitored through a rectal thermometer and maintained at 38°C 
using a homeothermic blanket. Pupils were dilated using equal parts of topical 2.5 % 
phenylephrine and 1 % tropicamide. Topical anesthesia with 0.75 % bupivacaine was used to 
prevent any comeal reflexes and a drop of 0.9 % saline was firequently applied on the cornea to 
prevent its dehydration and allow electrical contact with the recording electrode (gold wire loop). 
A 25-gauge needle inserted under the scalp, between the two eyes, served as the reference 
electrode. Amplification (at 1-1000 Hz bandpass, without notch filtering), stimulus presentation, 
and data acquisition were provided by the UTAS-3000 system from LKC Technologies 
(Gaithersburg, MD). ERGs were recorded at 60 days. 

Mixed a- and b-wave recording. For the quantification of dark-adapted b-waves, 
recordings consisted of single flash presentations (10 microseconds duration), repeated 3 to 5 
times to verify the response reliability and improve the signal-to-noise ratio, if required. Stimuli 
were presented at six increasing intei^ities in one log unit steps varying from -3.6 to 1.4 log 
candila/m^ in luminance. To minimize the potential bleaching of rods, inter-stimulus intervals 
were increased as the stimuliis luminanee was elevated from 10 sec at lowest stimulus intensity 
to 2 minutes at highest stimulus intensity. The maximum b-wave amplitude was defined as that 
obtained from the flash intensity series, regardless of the stimulus intensity. The true Vmax from 
fitting the data with a Naka-Rushton curve was not used because ERG responses were often 
erratic at higher luminance levels in dystrophic animals and showed tendencies for depressed 
responses around 0.4 and 1.4 log candila/m^. In order to determine the age at which ERG 
components were obtained or lost, criterion amplitudes were used: 20 micro Volt for a- and b- 
waves, and 10 microVolt for STR-like responses. The amphtude of the b-wave was measured 
from the a-wave negative peak up to the b-wave positive apex, and not up to the peak of 
oscillations, which can exceed the b-wave ^x (Nusinowitz et aL (1999) Invest Ophthalmol Vis 
Sci. 40(i2):2848-58). 
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Isolation of rod and cone responses. The double flash protocol was used to detennine 
the isolation of rod and cone responses (Nixon et al. (2001) Clin. Experiment Ophthalmol 
29(3): 193-6). A probe flash was presented 1 sec after a conditioning flash, using a specific 
feature of the UTAS-3000 system (LKC Technologies) with calibrated ganzfeld; assuring 
complete recharge of the stimulator under the conditions used. The role of the conditioning flash 
in the procedure was to transiently saturate rods so that they were rendered unresponsive to the 
probe flash. Response to the probe flash was taken as reflecting cone-driven activity. Arod- 
. driven b-wave wdis obtained by subtracting the cone-driven response from the mixed response 
(obtained following presentation of a probe flash alone, i.e., not preceded by any conditioning 
flash). 

Histology. Animals were sacrificed with an overdose of urethane (12.5 gram/kilogram). 
The orientation of the eye was maintained by placing a 6.0 suture through the superior rectus 
muscle prior to enucleation. After making a corneal incision, the eyes were fixed with 2.5 % 
parafomaldehyde, 2.5 % glutaraldehyde, O.OI % picric acid in 0.1 M cacodylate buffer (pH 7.4). 
After fixation, the cornea and lens were removed by cutting around the cilliary body. A small 
nick was made in the periphery of the dorsal retina prior to removal of the superior rectus to 
assist in maintaining orientation. The retinas were then post-fixed in 1 % osmium tetroxide for 1 
hour. After dehydration through a series of alcohols to epoxypropane, the retinas were 
embedded in TAAB embedding resin (TAAB Laboratories, Aldemarston, UK). Semi-thin 
sections were stained with 1% toluidine Blue in 1% borate buffer and the ultra thin sections were 
contrasted with uranyl acetate and lead citrate. 

For NissI staining, sections were stained with 0.75% cresyl violet (Sigma, St, Louis, MO) 
after which they were dehydrated through graded alcohols at 70, 95 and 100 % twice. They were 
then placed in xylene (Sigma, St. Louis, MO), rinsed with PBS (pH 7.4) (Invitrogen, Carlsbad, 
CA), coverslipped and mounted with DPX mountant (Sigma, St. Louis, MO). 

Results 

ERG Recordings. At 60 days post-transplant, animals that received placenta-derived 
cell injections (n=4) showed no improvement in a-wave (20 ± 20) versus sham controls (0), but 
showed improvement in mixed b-wave (81 ± 72) versus sham controls (1.5 ± 2), and good 
improvement in cone-b-wave (50 ± 19) versus sham controls (7 ± 7), and in rod contribution (30 
%) versus sham controls (0). These results indicated improvement in visual responsiveness when 
compared to sham controls. In contrast to transplantation of placenta-derived cells, fibroblast 
transplantations showed no improvement in any of the parameters tested. 
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Table 28-1: ERG data 





a-wave 


mixed b-wave 


cone b-wave 


% rod contribution 




Untreated 


Treated 


Untreated 


Treated 


Untreated 


Treated 


Untreated 


Treated 


Sham 
60 
days 


0 


0 


7 + 9 


0 


23 + 5 


12 + 
16 


N/A 


N/A 


P 
(n=4) 

60 
days 


0 


20 + 
20 


1.5 + 2 


81 + 
72 


7 + 7 


50 + 
19 


N/A 


30 



N3. Sham = control (medinin only), P = Flacental celi transplant 



Histology. Following transplantation, there was no histological evidence of an 
inflammatory reaction and infiltrating iromune cells were not observed in Nissl-stained sections 
in the placental cell groups. However, fibroblast implantations resulted in animal death (n=7) 
and indications of early stage inflammatory responses. 

References 

Lund et al. (2001) Proc Natl Acad Sci U.SA. 98(17):9942-7. 

EXAMPLE 29 

Chondrogenic Potential of Postpartum-Derived Cells on Implantation in SCID mice 

The chondrogenic potential of ceDs derived fiom umbilical cord or placenta tissue was 
evaluated following seeding on bioresoibable growth factor-loaded scaffolds and implantation 
into SCID mice. 

Materials & Methods 

Reagents. Dulbecco's Modified Essential Media (DMEM), Penicillin and Streptomycin, 
were obtained from Invitrogen. Carlsbad, CA. Fetal calf serum OFCS) was obtained firom 
HyClone (Logan, UT). Mesenchymal stem cell growth medium (MSCGM) was obtained from 
Biowhittaker, Walkersville, MD. TGFbeta-3 was obtained from Oncogene research products, 
San Diego, CA. GDF-5 was obtained from Biopharm, Heidelberg, Germany (International PCT 
Publication No. WO96/01316 Al, U.S. Patent No. 5,994,094A). Chondrocyte growth medium 
comprised DMEM-High glucose supplemented with 10% fetal calf serum (PCS), 10 milliMoIar 
HEPES, 0.1 miliiMolar nonessential amino acids, 20 microgram/milliliter I^proline, 50 
microgram/milliliter ascorbic acid, 100 Unit/milliliter penicillin, 100 microgram/milliliter 
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Streptomycin, and 0.25 microgram/milliliter amphotericin B. Bovine fibrinogen was obtained 
from Calbiochem. 

Cells. Human mesenchymal stem cells (hMSC, Lot# 2F1656) were obtained firom 
Biowhittaker, Walkersville, MD and were cultured in MSCGM according to the manufacturer's 
instructions. This lot was tested in the laboratory previously in in vitro experiments and was 
shown to be positive in the chondrogenesis assays. Human adult fibroblasts were obtained from 
American Type Culture Collection (ATCC), Manassas, VA and cultured in Growth Medium on 
gelatin-co^ed tissue culture plastic flasks. Postpartum-derived cells isolated from human 
umbilical cords (Lotif 022703Umb) and placenta (Lo1# 071003Plac) were prepared as previously 
described (Example 1). Cells were cultured in Growth Medium on gelatin-coated tissue culture 
plastic flasks. The cell cultures were incubated in standard growth conditions. Cells used for 
experiments were at passages 5 and 14. 

Scaffold. 65/35 Polyglycolic acid (PGA)/ Polycaprolactone (PCL) foam scaffolds [4x5 
centimeters, 1 millimeter thick. Ethylene Oxide (ETO) sterilized] reinforced with Polydioxanone 
(PDS) mesh (PGA/PCL foam-PDS mesh) were obtained from Center for Biomaterials and 
Advanced Technologies (CBAT, Somerville, NJ). Punches (3.5 millimeters) made iiom 
scaffolds were loaded with either GDF-5 (3.4 micrograms/scaffold), TGFbeta-3 (10 
nanograms/scaffoid), a combination of GDF-5 and TGFbeta-3, or control medium, and 
lyophilized. 

Cell seeding on scaffolds. Placenta- and umbilical cord-derived cells were treated with 
trypsin, and cell number and viability was determined. 0.75x10^ cells were resuspended in 15 
microliters of Growth Medium and seeded onto 3.5 millimeter scaffold punches in a cell culture 
dish. The cell-seeded scaffold was incubated in a cell culture incubator in standard air with 5% 
CO2 at 37°C for 2 hours after which they were placed within cartilage explant rings. 

Bovine Cartilage Explants. Cartilage explants 5 millimeter in diameter were made from 
cartilage obtained from young bovine shoulder. Punches (3 millimeter) were excised from the 
center of the explant and replaced with cells seeded 3.5 millimeter resorbable scaffold. Scaffolds 
with cells were retained within the explants using fibrin glue (60 microliter of bovine fibrinogen, 
3 milligram/milliliter). Samples were maintained in chondrocyte growth medium overnight, 
rinsed in Phosphate Buffered Saline the following day, and implanted into SCID mice. 

Animals. SCE> mice ((Mus musculits)fFox Chase SCID/Male), 5 weeks of age, were 
obtained from Harlan Sprague Dawley, Inc. (Indianapolis, Indiana) and Charles River 
Laboratories (Portage, Michigan). Animals used in the study were selected without any apparent 
systematic bias. A tag was placed on each individual animal cagp listing the accession number, 
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implantation technique, animal number, species/strain, surgery date, in vivo period, and date of 
euthanasia. The animals were identified by sequential numbers mairked on the ear with an 
indelible ink maricer. 

Experimental Design. A total of 42 mice were tested. Two scaffolds were implanted 
subcutaneously in each mouse as described below; 42 mice for subcutaneous implantation; 28 
treatments with n-value of 3 per treatment. The study corresponds to lACUC Approval Number: 
Skillman lACUC 01-037. The study lasted six weeks. 

SCID Implantation. 

A. Body Weights 

Each animal was weighed prior to being anesthetized and at necropsy. 

B. Anesthesia and Surgical Preparation: 

All handling of the SCID mice occurred under a hood. The mice were individually 
weighed and anesthetized with an intraperitoneal injection of a mixmre of KETASET (ketamine 
hydrochloride [60 milligram/kilogram]), ROMPUN (xylazine [10 milligram/kilogram]), and 
saline. 

After induction of anesthesia, the entire back of the animal from the dorsal cervical area 
to the dorsal lumbosacral area was clipped free of hair using electric animal clippers. The area 
was scrubbed with chiorhesdidine diacetate, rinsed with alcohol, dried, and painted with an 
aqueous iodophor solution of 1% available iodine. Ophthalmic ointment was applied to the eyes 
to prevent drying of the tissue during the anesthetic period. The anesthetized and surgically 
prepared animal was placed in the desired recumbent position. 

C. Subcutaneous Implantation Technique: 

An approximate 2-cm skin incision was made just lateral to the thoracic spine parallel to 
the vertebral column. The skin was separated ftom the underlying connective tissue via blunt 
dissection. Each SCED mouse received 2 treatments that were placed in subcutaneous pockets 
created by blunt dissection in each hemithorax through one skin incision. Tacking sutures of 5-0 
ETHEBOND EXCEL (polyester) were used to tack the skin to musculature around each scaffold 
to prevent subcutaneous migration. Scaffolds were implanted for 6 weeks and then harvested. 
The experimental design is outlined in Table 29-1. 

Table 29-1. Experimental DesigniTreatment (N=3 per treatment) 

A. 65/35 PGA^CL Foam + PDS mesh cultured with Placenta-derived cells, EP, TGFbeta3 

B. 65/35 PGAyPCL Foam + PDS mesh cultured with Placenta-derived cells, EP, rhGDF-5 
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C. 65/35 PGA/PCL Foam + PDS mesh cultured with Placenta-derived cells, EP. rhGDF- 

5+TGFbeta3 

D. 65/35 PGA/PCL Foam + PDS mesh cultured wiOi Placenta-derived cells, EP, control 

E. 65/35 PGA/PCI. Foam + PDS mesh cultured with Placenta-derived cells, LP, TGFbeta3 

F. 65/35 PGA/PCL Foam + PDS mesh cultured with Placenta-derived cells, LP, rhGDF-5 

G. 65/35 PGAfl'CL Foam + PDS mesh cultured with Placenta-derived cells, UP, rhGDF- 
5+TGE%eta3 

H. 65/35 PGA/PCL Foam + PDS mesh cultured with Placenta-derived cells, LP, control 

L 65/35 PGA/PCL Foam + PDS mesh cultured with Umbilical cord-derived ceils, EP, TOFbetaS 
J. 65/35 PGA/PCL Foam + PDS mesh cultured m& Umbilical cord-derived ceils, EP, ihGDF-5 
K. 65/35 PGA/PCL Foam+ PDS mesh cultured with Umbilical cord-derived cells, EP, rhGDF- 
5+TGFbeta3 

L. 65/35 PGA/PCL Foam + PDS mesh cultured vrith Umbilical cord-derived cells. BP, control 
M, 65/35 PGA/PCL Foam + PDS mesh cultured with Umbilical cord-derived cells, LP, 
TGFbetaS 

N. 65/35 PGAjTPCL Foam + PDS mesh cultured with Umbilical cord-derived cells, LP. rhGDF-5 
O. 65/35 PGA/PCL Foam + PDS mesh cultured with Umbilical cord-^rived cells, LP. rhODF- 
5+TGFbeta3 

P. 65/35 PGA/PCL Foam + PDS mesh cultured with Unibihcal cord-derived cells, LP, control 

Q. 65/35 PGA/PCL Foam + PDS mesh cultured witii hMSC, TGFbeta3 

R. 65/35 PGA/PCL Foam + PDS mesh cultured with hMSC, rhGDF-5 

S. 65/35 PGA/PCL Foam + PDS mesh cultured with hMSC, ihGDF-5+TGFbeta3 

T. 65/35 PGA/PCL Foam + PDS mesh cultured with hMSC, control 

U. 65/35 PGA/PCL Foam + PDS mesh cultured vrith fibroblasts, Aduh TGFbeta3 

V. 65/35 PGATPCL Foam + PDS mesh cultured vridi fibroblasts, Adult rhGDF-5 

W. 65/35 PGA/PCL Foam + PDS mesh cultured with fibroblasts. Adult rhGDF-5+TGFbeta3 

X. 65/35 PGAjTOL Foam + PDS mesh cultured with fibroblasts, Adult control 

Y. 65/35 PGAflPCL Foam + PDS mesh, TGFbeta3 

Z 65/35 PGA/PCL Foam -H PDS mesh, rhGDF-5 

AA. 65/35 PGA/PCL Foam + PDS mesh. rhGDF-5+TGFbeta3 

BB, 65/35 PGA/PCL Foam + PDS mesh, control 

D. Necropsy and Histologic Preparation 

Gross examination was performed on any animals that died during the course of the study 
or were euthanized in moribund condition. Selected tissues were saved at the discretion of the 
study director and/or pathologist, 
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Mice were euthanized by CO2 inhalation at their designated intervals. Gross observations 
of the implanted sites werc recorded. Samples of the subcutaneous implantation sites with their 
overlying skin were excised and fixed in 10% buffered fonnaKn. Each implant was bisected into 
halves, and one half was sent to MPI Research (Mattawan, MT) for paraffin embedding, 
.sectioning, and staining with Hematoxylin & Eosin (H&E) and Safranin O (SO). 

The data obtained from this study were not statistically analyzed. 

Results 

New cartilage and bone formation was observed in the majority of the samples including 
growth factor-loaded, cell-seeded scaffolds, cell-seeded control scaffolds, and scaffolds loaded 
with growth factor alone. The extent of new cartilage and bone formation varied within the 
treatment and control groui®. 

Early and Late passage placenta-derived cell seeded scaffolds showed new cartilage and 
bone formation within the scaffolds. No obvious differences in new cartilage and bone 
formation was observed between the different growth factor-loaded, cell-seeded scaffolds and 
scaffolds seeded with cells alone. Compared to control scaffolds (without growth factors and 
without cells), it appeared that there was greater extent of new cartilage formation in cell-seeded 
scaffolds both with and without ^xjwth factors and in growth factor-loaded scaffolds alone. 
New cartilage formation with placenta-derived cell-seeded scaffolds was similar to MSG- and 
flbroblast-seeded scaffolds. 

In growth factor-treated and control scaffolds seeded with umbilical cord-derived cells at 
early and late passage, new cartilage and bone formation were observed. The extent of cartilagp 
formation appeared to be less than that seen wifli placenta-derived cells. No one sample showed 
extensive cartilage formation as seen with the placenta-derived cells. Bone formation appeared 
to be higher in scaffolds seeded with umbilical cord-derived cells on scaffolds containing both 
TGFbeta-3 andrhGDF-5. 

hMSC-loaded scaffolds also showed new cartilage and bone formation. The extent of 
new cartilage and bone formation was similar for all the hMSC treatment groups. Human adult 
fibroblast seeded scaffolds also demonstrated new cartilage and bone formation. Results were 
similar to those obtained with placenta-derived cells and hMSCs 

In the control group, in which growth factor-loaded scaffolds or scaffold alone were 
placed in cartilage rings and implanted, new cartilage and bone formation were also observed. 
Not surprisingly, the extent of new cartilage formation was greater in scaffolds with growth 

- 148 - 



wo 2005/001076 PCT/US2004/020816 

factor than in sc^olds without growth factor. Increased bone formation was present in the 
control with the combination of the two tested growth factors. 

New cartilage formation was observed adj acent to the cartilage explant rings as well as 
within the scaffolds. New cartilage formation within the scaffolds adjacent to the cartilage rings 
could be a result of chondrocyte migration. Cartilage formation seen as islands within the 
scaffolds may be a result of either migration of chondrocytes within the scaffolds, differentiation 
of seeded cells or differentiation of endogenous mouse progenitor cells. This observation stems 
from the fact that in control growth factor-loaded scaffolds with no seeded cells, islands of 
chondrogenic differentiation were observed. New bone formation was observed within the 
scaffolds independently and also associated with chondrocytes. Bone formation may have arisen 
from osteoblast differentiation as well as endochondral ossification. 

It is difficult to separate new cartilage and bone formation associated with chondrocytes 
that migrated versus that from any chondrogenic and osteogenic differentiation of seeded cells 
that may have occurred. Staining of sections with specific human antibodies may distinguish the 
contribution of the seeded cells to the observed chondrogenesis and osteogenesis. It is also 
possible that placenta-derived cells and umbilical cord-derived cells stimulated chondrocyte 
migration. 

Abundant new blood vessels were observed with the scaffolds loaded with placenta- 
derived cells and umbilical cord-derived cells. Blood vessels were abundant in areas of bone 
formation. New blood vessels were also observed within the hMSC- and fibroblast-seeded 
scaffolds associated with new bone formation. 

Systemic effects of the adjacent scaffold (with growth factor (GF)) on the control 
scaffolds (no GP, no cells) on promoting new cartilage and bone formation cannot be ruled out. 
Analysis of new cartilage and bone formation in scaffolds, taking into consideration the scaffolds 
implanted adjacent to it in SCID mice, showed no clear pattem of systemic effect of growth 
factor from the adjacent scaffold. 

Summary. Results showed that new cartilage and bone formation were observed in 
growth factor and control scaffolds seeded with placenta- and umbilical cord-derived cells. 
Results with placenta-derived cells were similar to that seen with human mesenchymal stem 
cells, while the extent of new cartilage like tissue formation was slightly less pronounced in 
umbiUcal cord-derived cells. Growth factor-loaded scaffolds implanted without cells also 
demonstrated new cartilage and bone formation. These data indicate that new cartilage 
formation within the scaffolds may arise from chondrocytes that migrated from the bovine 
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explants, from chondiogenic diffeientiation of endogenous progenitor cells, and from 
chondrogenic differentiation of seeded cells. 

These results suggest ttiat placenta- and umbilical cord-detived cells undergo 
chondrogenic and osteogenic diffeientiation. These results also suggest that placenta- and 
umbilical cord-derived cells may promote migration of chondrocytes from the cartilage explant 
into the scaffolds. Abundant new blood vessels were also observed in the scaffolds especially 
associated with new bone formation. 

EXAMPLE 30 
Use of Postpartam-Derived Cells in N^e Repair 

Retinal ganglion cell (RGC) lesions have been extensively used as models for various 
repair strategies in the adult mammalian CNS. It has been demonstrated that retrobulbar section 
of adult rodent RGC axons results in abortive sprouting (Zeng et al, 1995) and pro^ssive death 
of the parent cell population (Villegas-Perez et al., 1993). Numerous smdies have demonstrated 
the stimulatory effects of various exogenous and endogenous factors on the survival of 
axotomized RGC's and regeneration of their axons (Tip and So, 2000; Fischer et al, 2001). 
Furthermore, other studies have demonstrated that cell transplants can be used to promote 
regeneration of severed nerve axons (Li et al., 2003; Ramon-Cueto et al, 2000). Thus, these and 
other smdies have demonstrated that cell based therapy can be utilized for the treatment of neural 
disorders that affect the spinal cord, peripheral nerves, pudendal nerves, optic nerves or other 
diseases/trauma due to injury in which nervous damage can occur. 

Self-assembHng peptides (PuraMatiix™, U.S. Patent Nos. 5,670,483, 5,955,343, U.S. 
Published Application No. 2002/0160471, International Patent Publication No. WO 02/062969) 
have been developed to act as a scaffold for cell-attachment to encapsulate cells in 3-D, plate 
cells in 2-D coatings, or as raicrocarriers in suspension cultures. Three-dimensional cell culture 
has required either animal-derived materials (mouse sarcoma extract), with their inherent 
itsproducibility and cell signaling issues, or much larger synthetic scaffolds, which fail to 
approximate the physical nanometer-scale and chemical attributes of native ECM. RAD 16 
(NH2-RADARADARADA-COOH) and KLD (NHa-KLDLKLDLKLDL-COOH) are 
synthesized in small (RAD16 is 5 nanometers) oligopeptide fragments that self-assemble into 
nanofibers on a scale similar to the in vivo extracellular matrix (ECM) (3D Matrix, Inc 
Cambridge, MA). The self-assembly is initiated by mono- or di-valent cations found in culture 
media or the physiological environment In the protocols described in this example, RAD 16 was 
used as a microcarrier for the implantation of postpartum cells into the ocular defect. In this 
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example, it is demonstrated that transplants of postpaitum-derived cells PPDCs) can provide 
efficacy in an adult rat optic nerve axonal regeneration model. 



Methods & Material 

Cells. Cultures of human adult PPDCs (umbilical cord and placenta) and fibroblast cells 
(passage 10) were expanded for 1 passage. All cells were initially seeded at 5,000 cells/cm^ on 
gelatin-coated T75 flasks in Growth Medium ((DMEM:Low glucose (Invitrogen, Carlsbad, CA), 
15 % (v/v) defined bovine serum OHycione, Logan, Uf ; Lot#AND 18475), 0.001% 2- 
mercaptoethanol (Sigma, St. Louis, MO), 100 Units per milliliter penicillin, 100 micrograms per 
milliliter streptomycin, 0.25 micrograms per milliliter amphotericin B; bivitrogen, Carlsbad, 
CA). At passage 1 1 cells were trypsinized and viability was determined using trypan blue 
staining. Briefly, 50 microlitres of cell suspension was combined with 50 microlities of 0.04% 
w/v trypan blue (Sigma, St Louis MO) and the viable cell number, was estimated using a 
hemocytometer. Cells were then washed three times in supplement free- Leibovitz's L-15 
medium (Invitrogen, Carlsbad, CA). Cells were then suspended at a concentration of 200,000 
cells in 25 microliters of RAD-16 (3DM Inc., Cambridge, MA) which was buffered and made 
isotonic as per manufacturer's recommendations. One hundred microliters of supplement free 
Leibovitz's L-15 medium was added above the cell/matrix suspension to keep it wet till use. 
These cell/matrix cultures were maintained under standard atmospheric conditions until 
transplantation occurred' At the point of transplantation the excess medium was removed. 

Animals and Surgery. Long Evans female rats (220-240 gram body weight) were used. 
Under intraperitoneal tribromoethanol anesthesia (20 milligram/100 grams body weight), the 
optic nerve was exposed, and the optic sheath was incised intraorbitally at approximately 2 
millimeter from the optic disc, the nerve was lifted from the sheath to allow complete 
transsection with fine scissors (Li etal, 2003). The completeness of transection was confirmed 
by visually observing complete separation of the proximal and distal stumps. The control group 
consisted of lesioned rats without transplants. In transplant rats cultured postpartum cells seeded 
in RAD-16 were inserted between the proximal and distal stumps using a pair of microforceps. 
Approximately 75,000 cells in RAD-16 were implanted into the severed optic nerve. Cell/matrix 
was smeared into the severed cut using a pair of fine microforceps. The severed optic nerve 
sheath was closed with 10/0 black monofilament nylon (ETfflCON, Edinburgh, UK). Thus, the 
gap was closed by drawing the cut proximal and distal ends of the nerve in proximity with each 
other. 
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After cell injections were peifonned, animals were injected with dexamethasone (2 
milligrams/kilogram) for 10 days post transplantation. For the duration of the study, animals 
were maintained on oral cyclospoiine A (210 milligrams/liter of drinking water, resulting blood 
concentration: 250-300 micrograms/Iiter) (Bedford Labs, Bedford, Ohio) from 2 days pre- 
transplantation until end of the study. Food and water were available ad libitum. Animals were 
sacrificed at either 30 or 60 days posttransplantation. 

CTB Application. Three days before animals were sacrificed, under anesthesia, a glass 
micropipette with a 30-50 millimeter tip was inserted tangentially through the sclera behind the 
lens, and two 4-5 microliter aliquots of a 1% retrograde tracer-cholera toxin B (CTB) aqueous 
solution (List Biologic, Campbell, CA) was injected into the vitreous. Animals were perfused 
with fixative and optic nerves were collected in the same fixative for 1 hour. The optic nerves 
were transferred into sucrose overnight. Twenty micrometer cryostat sections were incubated in 
O.lmolar glycine for 30 minutes and blocked in a PBS solution containing 2.5% bovine serum 
albumin (BSA) (Boeringer Mannheim, Mannheim, Germany) and 0.5% triton X-IOD (Sigma, St. 
Louis, MO), followed by a solution containing goat anti-CTB antibody (List Biologic, Campbell, 
CA) diluted 1 :4000 in a PBS containing 2% normal rabbit seram (NRS) (Invitrogen, Carlsbad, . 
CA), 2.5% BSA, and 2% Triton X-100 (Sigma, St. Louis, MO) in PBS, and incubated in 
biotinylated rabbit anti-goat IgG antibody (Vector Laboratories, Buriinghame, CA) diluted 1:200 
in 2% Triton-XlOO in PBS for 2 hours at room temperature. This was followed by staining in 
1:200 streptavadin-green (Alexa Flour 438;MolecuIar Probes, Eugene, OR) in PBS for 2 hours at 
room temperature. Stained sectioiis were then washed in PBS and counterstained with 
propidium iodide for confocal microscopy. 

Histology Preparation. Briefly, 5 days after CTB injection, rats were perfused with 4% 
paraformaldehyde. Rats were given 4 cubic centimeters of urethane and were then perfused with 
PBS (0.1 molar) then with 4% Paraformaldehyde. The spinal cord was cut and the bone removed 
from the head to expose the coUiculus. The colliculus was then removed and placed in 4% 
Paraformaldehyde. The eye was removed by cutting around the outside of the eye and going as 
far back as possible. Care was given not to cut the optic nerve that lies on the underside of the 
eye. The eye was removed and the muscles were cut exposing the optic nerve this was then 
placed in 4% Paraformaldehyde. 

Results 

Lesions alone. One month after retrotubular section of the optic nerve, a number of 
CTB-labeled axons were identified in the nerve segment attached to the retina. In the 200 
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rmcrometBrs nearest the cut, axons were seen to emit a number of collaterals at right angles to the 
main axis and terminate as a neuromatous tangle at the cut surface. In this cut between the 
proximal and distal stumps, the gap was observed to be progressively bridged by a 2-3 millimeter 
segment of vascularized connective tissue; however, no axons were seen to advance into this 
bridged area. Thus, in animals that received lesion alone no axonal growth was observed to 
reach the distal stump. 

RAD-16 transplantation. Following transplantation of RAD-16 into the cut, visible 
ingrowth of vascularized connective tissue was observed. However, no axonal in growth was 
observed between the proximal and distal stumps. The results demonstrate that application of 
RAD-16 alone is not sufficient for inducing axonal regeneration in this situation. 

Transplantation of postpartum-derived cells. Transplantation of postpartum-derived 
cells into the severed optic nerve stimulated optic nerve regrowth. Some regrowth was also 
observed in conditions in which fibroblast cells were implanted, although this was minima] as 
compared with the regrowth observed with the transplanted placenta-derived cells. Optic nerve 
regrowth was observed in 4/5 animals transplanted with placenta-derived cells, 3/6 animals 
transplanted with adult dermal fibroblasts, and in 1/4 animals transplanted with umbilical cord- 
derived cells. In situations where regrowth was observed, CTB labeling confirmed regeneration 
of retinal ganglion cell axons, which were demonstrated to penetrate through the transplant area. 
GFAP labeling was also performed to detemaine the level of glial scarring. The GFAP 
expression was intensified at the proximal stump with some immunostaining being observed 
thraugh the reinervated graft. 

Summary. These results demonstrate that transplanted human adult postpartum-derived 
cells are able to stimulate and guide regeneration of cut retinal ganglion cell axons. 
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While the present invention has been particularly shown and described with reference to 
the presently preferred embodiments, it is understood that the invention is not limited to the 
embodiments specifically disclosed and exemplified herein. Numerous changes and 
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modifications may be made to the preferred embodiment of the invention, and such changes and 
modifications may be made without departing from the scope and spirit of the invention as set 
forth in the appended claims. 
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1. A placenta-derived cell comprising a cell derived from human postpartum placenta tissue 
substantially free of blood, wherein said cell self-renews and expands in culture; wherein said 
cell is multipotent; whearein said cell requires L-valine for growth; wherein said cell grows in 
about 5% to about 20% oxygen; wherein said cell further comprises at least one of the following 
characteristics: 

(a) production of at least one of tissue factor, vimentin, granulocyte chemotactic 
protein-2 CGCP-2), and alpha-smooth muscle actin; 

(b) lack of production of at least one of GRO-alpha and oxidized low density 
lipoprotein receptor, as detected by flow cytometry; 

(c) production of at least one of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, 
PD-L2 and HLA-A,B,C; 

(d) lack of production of at least one of CD3 1 , CD34, CD45, CD80, CD86, CDl 17, 
CD141, CD178, B7-H2, HLA-G, and HLA-DP, DQ, DR, as detected by flow cytometry; 

(e) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is increased for at least one of C-type lectin 
superfamily member A2, Wilms tumor 1, aldehyde dehydrogenase 1 family member A2, renin, 
oxidized low density lipoprotein receptor 1, protein kinase C zeta, clone rMAGE:4179671, 
hypothetical protein DKFZp564F013, downregulated in ovarian cancer 1, and clone 
DKFZp547K1113; 

(f) expression, which relative to a human cell that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is reduced for at least one of: short stature 
homcobox 2; heat shock 27kDa protein 2; chemokine (C-X-C motif) ligand 12. (stromal cell- 
derived factor 1); elastin; cDNA DKFZp5S6M2022 (from clone DKFZp586M2022); 
mesenchyme homeobox 2; sine oculis homeobox homolog 1; crystallin, alpha B; dishevelled 
associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to neuralin 1; 
tetranectin; src hoihology three (SH3) and cysteine rich domain; B-cell translocation gene 1, 
anti-proliferative; cholesterol 25-hydroxylase; runt-related transcription factor 3; hypothetical 
protein FLJ23191; interleukin 11 receptor, alpha; procollagen C-endopeptidase enhancer, 
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frizzled homolog 7; hypothetical gene BC008967; collagen, type VHI, alpha 1; tenascin C; 
iroquois homeobox protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; 
cDNA FU12280 fis, clone MAMMA1001744; cytokine receptor-lilce factor 1; potassium 
intermediate/small conductance calcium-activated channel, subfamily N, member 4; integrin, 
alpha 7; DKFZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); 
sine oculis homeobox homolog 2; KIAA1034 protein; early growth response 3; distal-less 
homeobox 5; hypothetical protein ELJ20373; aldo-keto reductase family 1, member C3 (3-alpha 
hydroxysteroid dehydrogenase, type II); biglycan; fibronectin 1; proenkephalin; integrin, beta- 
like 1 (with EGF-Iike repeat domains); cDNA clone EUROIMAGE 1968422; EphA3; 
KIAA0367 protein; natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein FLJ14054; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5; EGF-containing fibulin-like 
extracellular matrix protein 1; BCL2/adenovirus ElB 19kDa interacting protein 3-like; AE 
binding protein 1; cytochrome c oxidase subunit Vila polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1; and insulin-like growth factor binding protein 2, 36kDa; 

(g) secretion of at least one of monocyte chemotactic protein 1 (MCP-1), interleukin- 
6 (IL-6), stromal-derived factor lalpha (SDF-lalpha), interleukin 8 (IL8), granulocyte 
chemotactic protein-2 (GCP-2), hepatocyte growth factor (HOP), keratinocyte growth factor 
(KGF), heparin-binding epidermal growth factor (HB-EGP), brain-derived neurotrophic factor 
(BDNF), tissue inhibitor of matrix metalloproteinase 1 (TIMPl), thrombopoietin (TPO), 
macrophage inflanraiatory protein lalpha(MIPla), Rantes (regulated on activation, normal T cell 
expressed and secreted), thymus and activation-regulated chemokine (TARC), and Eotaxin; 

(h) lack of secretion of at least one of fibroblast growth factor (FGF), vascular 
endothelial growth factor (VEGF), angiopoietin 2 (ANG2), platelet derived growth factor 
(FDGF-bb), transforming growth factor beta2 (TGFbeta2), macrophage inflammatory protein 
Ibeta (MlPlb), 1309, and macrophage-derived chemokine (MDC), as detected by ELISA; and 

(i) the ability to undergo at least 40 population doublings in culture. 

2. The cell of claim 1 wherein said cell produces tissue factor, vimentin, granulocyte 
chemotactic protein-2 (GCP-2), and alpha-smooth muscle actin. 
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3. The cell of claim 1 wherein said cell lacks production of GRO-alpha and oxidized low 
density lipoprotein receptor, as detected by flow cytometry. 

4. The cell of claim 1 wherein said cell produces CDIO, CD13, CD44, CD73, CD90, 
PDGFr-alpha, PD-L2 and HLA-A,B,C. 

5. The cell of claim 1 wherein said cell lacks production of CDS 1, CD34, CD45, CD80, . 
CD86, GDI 17, CD141, CD178, B7-H2, HLA-G, and HLA-DP, DQ, DR, as detected by flow 
cytometry. 

6. The cell of claim 1 wherein expression, relative to a human cell that is a fibroblast, a 
mesenchymal stem cell, or an ileac crest bone marrow cell, is increased for C-type lectin 
superfamily member A2, Wilms tumor 1, aldehyde dehydrogenase 1 family member A2, renin, 
oxidized low density lipoprotein receptor 1, protein kinase C zeta. clone IMAGE:41 79671, 
hypothetical protein DKEZp564F013, downregulated in ovarian cancer 1, and clone 
DKPZp547KlI13. 

7. The cell of claim 1 wherein expression, relative to a human cell tiiat is a fibroblast, a 
mesenchymal stem cell, or an ileac crest bone marrow cell, is reduced for: short stature 
homeobox 2; heat sliock 27kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal cell- 
derived factor 1); elastin; cDNA DKFZp586M2022 (from clone DKEZp586M2022); 
mesenchyme homeobox 2; sine oculis homeobox homolog 1; crystallin, alpha B; dishevelled 
associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to neuralin 1; 
tetranectin; src hon^ology three (SIB) and cysteine rich domain; B-cell translocation gene 1, 
anti-prolif erati ve; cholesterol 25-hydroxylase; runt-related transcription factor 3 ; hypothetical 
protein FLJ23191; interleukin 11 receptor, alpha; procollagen C-endopeptidase enhancer; 
frizzled homolog 7; hypothetical gene BC008967; collagen, type VrH, alpha 1; tenascin C; 
iroquois homeobox protein 5; hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; 
cDNA FIJ12280 fis, clone MAMMA1001744; cytokine receptor-like factor 1 ; potassium 
intermediate/small conductance calcium-activated channel, subfamily N, member 4; integrin, 
alpha 7; DKFZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); 
sine oculis homeobox homolog 2; KIAA1034 protein; early growth response 3; distal-less 
homeobox 5; hypothetical protein FU20373; aldo-keto reductase family 1, member C3 (3-alpha 
hydroxysteroid dehydrogenase, type IT); biglycan; fibronectin 1; proenkephalin; integrin, beta- 
like 1 (with EGF-hke repeat domains); cDNA clone EUROIMAGE 1968422; EphA3; 
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KIAA0367 protein; nafiiuredc pq)tide receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein ELJ14054; cDNA DKFZp564B222 (from clone 
DBCFZp564B222); vesicle-associated membtane protein 5; EGF^containing fibulin-like 
extracellular matrix protein 1; BCL2/adenovirus ElB 19kDa interacting protein 3-like; AE 
binding protein 1; cytochrome c oxidase subunit Vila polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1; and insulin-like growth factor binding protein 2, 36kDa. 

8. The cell of claim 1 wherein said cell secretes monocjrte chemotactic protein 1 (MCP-1), 
interIeukin-6 (IL-6), stroraal-derived factor lalpha (SDF-lalpha), interleukin 8 (IL8), 
granulocyte chemotactic protein-2 (GCP-2), hepatocyte growth factor (HGF), keratinocyte 
growth factor (KGF), heparin-binding epidermal growth factor (BB-EGF), brain-derived 
neurotrophic factor (BDNF), tissue inhibitor of matrix metalloproteinase 1 (TIMPl), 
thrombopoietin (TPO), macrophage inflanunatory protein lalpha (MlPla), Rantes (regulated on 
activation, normal T cell expressed and secreted), thymus and activation-regulated chemokine 
(TARC), andEotaxin. 

9. The cell of claim 1 wherein said cell lacks secretion of fibroblast growth factor (FGF), 
vascular endothelial growth factor (VEGF), angiopoietin 2 (ANG2), platelet derived growth 
factor (PDGF-bb), transforming growth factor beta2 (TGFbeta2), macrophage inflammatory 
protein Ifaeta (MtPlb), B09, and macrophage-derived chemokine (MDC), as detected by 
EL3SA. 

10. The cell of claim 1 wherein said cell has the ability to undergo at least 40 population 

doublings in culture. 

11. The cell of claim 1 wherein said cell has the following characteristics: 

(a) production of at least one of tissue factor, vimentin, granulocyte chemotactic 
protein-2 (GCP-2), and alpha-smooth muscle actin; 

(b) lack of production of at least one of GRO-alpha and oxidized low density 
lipoprotein receptor, as detected by flow cytometry; 



(c) production of at least one of CDIO, CD13, CD44, CD73, CD90, PDGFr-alpha, 
PD-L2 andHLA-A,B,C; 
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(d) lack of production of at least one of CD31,CD34,CD45,CD80,CDS6,CD1 17, 
CDi41, CD178, B7-H2, HLA-G, and HLA-DP, DQ, DR. as detected by flow cytometry, 

(e) expression, which relative to a human cell that is a fibroblast, a niesenchymal 
stem cell, or an ileac crest bone marrow cell, is increased for at least one of C-type lectin 
superfamily member A2, Wilms tmnor 1, aldehyde dehydrogenase 1 family member A2, renin, 
oxidized low density lipoprotein receptor 1, protein kinase C zeta, clone IMAGE:4 179671, 
hypothetical protein DJCFZp564F013, downregulated in ovarian cancer 1, and clone 
DKFZp547K1113; 

(f) expression, which relative to a human ceil that is a fibroblast, a mesenchymal 
stem cell, or an ileac crest bone marrow cell, is reduced for at least one of: short stature 
homeobox 2; heat shock 27kDa protein 2; chemokine (C-X-C motif) iigand 12 (stromal cell- 
derived factor 1); elastin; cDNA DKEZp586M2022 (from clone DKFZp5S6M2022); 
mesenchyme homeobox 2; sine oculis homeobox homolog 1; crystallin, alpha B; dishevelled 
associated activator of morphogenesis 2; DKFZP586B2420 protein; similar to neuralin 1; 
tetranectin; src homology three (SH3) and cysteine rich domain; B-cell translocation gene 1, 
anti-proliferative; cholesterol 25-hydroxylase; runt-related transcription factor 3; hypothetical 
protein HJ23191; interleukin 11 receptor, alpha; procollagen C-endopeptidase enhancer; 
frizzled homolog 7; hypothetical gene BC008967; collagen, type Vm, alpha 1; tenascin C; 
iroquois homeobox protein 5; hephaestin; intcgrin, beta 8; synaptic vesicle glycoprotein 2; 
cDNA FU12280 fis, clone MAMMA1001 744; cytokine receptor-like factor 1 ; potassium 
intermediate/small conductance calcium-activated channel, subfamily N, member 4; integrin, 
alpha 7; DKFZP586L151 protein; transcriptional co-activator with PDZ-binding motif (TAZ); 
sine oculis homeobox homolog 2; KIAA1034 protein; early growth response 3; distal-less 
homeobox 5; hypothetical protein FU20373; aldo-keto reductase family 1, member C3 (3-alpha 
hydroxysteroid dehydrogenase, type U); biglycan; fibronectin I; proenkephalin; integrin, beta- 
like 1 (with EGF-like repeat domains); cDNA clone EUROMAGE 1968422; EphA3; 
KIAA0367 protein; natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide 
receptor C); hypothetical protein HJ14054; cDNA DKFZp564B222 (from clone 
DKFZp564B222); vesicle-associated membrane protein 5; EGF-containing fibulin-like 
extracellular matrix protein 1; BCL2/adenovirus ElB 19kDa interacting protein 3-like; AE 
binding protein 1; cytochrome c oxidase subunit VHa polypeptide 1 (muscle); neuroblastoma, 
suppression of tumorigenicity 1; and insulin-like growth factor binding protein 2, 36kDa; 
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(g) secretion of at least one of monocyte chemotactic protein 1 (MCP-l), intexleukin- 
6 CIL-6), stromal-derived factor lalpha (SDF-lalpha), interleuldn 8 (IL8), granulocyte 
chemotactic protBin-2 (GCP-2), hepatocyte growth fector (HGF), keratinocyte growth factor 
(KGF), heparin-binding epidermal growth factor (HB-EGF), brain-derived neurotrophic factor 
(BDNF), tissue inhibitor of matrix metalloproteinase 1 (TIMPl), thrombopoietin (TPO), 
macrophage inflammatory protein laipha(MIPla), Rantes (regulated on activation, normal T cell 
expressed and secreted), thymus and activation-regulated chemokine (TARC), and Eotaxin; 

(h) lack of secretion of at least one of fibroblast growth factor (FGF), vascular 
endothelial growth factor (VEGF), angiopoietin 2 (ANG2). platelet derived growth factor 
(PDGF-bb), transforming growth factor beta2 (TGFbeta2), macrophage inflammatory protein 
Ibeta OVUPlb), 1309, and macrophage-derived chemokine (MDC), as detected by ELISA; and 

(i) the ability to undergo at least 40 population doublings in culture. 
12. The cell of claim 1 whereiu said cell 

(a) produces tissue factor, vimentin, granulocyte chemotactic protein-2 (GCP-2), and 
alpha-smooth muscle actin; 

(b) lacks production of GRO-alpha and oxidized low density Upoprotein receptor, as 
detected by flow cytometry; 

(c) produces CDIO. CD13, CD44, CD73, CD90, PDGPr-alpha, PD-L2 and HLA- 

AJB,C; 

(d) lacks production of CD31, CD34, CD45, CD80, CD86, GDI 17, CD 141, CD178, 
B7-H2, HLA-G, and HLA-DP, DQ, DR, as detected by flow cytometry; 

(e) expresses, relative to a human cell that is a fibroblast, a mesenchymal stem cell, 
or an ileac crest bone marrow cell, increased levels of C-type lectin superfamily member A2, 
Wihns tamor 1, aldehyde dehydrogenase 1 family member A2, renin, oxidized low density 
Upoprotein receptor 1, protein kinase C zeta, clone IMAGE:4179671, hypothetical protein 
DKFZp564F013, downregulated in ovarian cancer 1, and clone DKF2p547Kl 113; 
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(f) expresses at a reduced level relative to a human cell that is a fibroblast, a 
mesenchymal stem cell, or an ileac crest bone marrow cell: short stature homeobox 2; heat shock 
27kDa protein 2; chemokine (C-X-C motif) ligand 12 (stromal ceU-deiived factor 1); elastin; 
cDNADKFZp586M2022 (from clone DKFZp586M2022); mesenchyme homeobox 2; sine 
oculis homeobox homolog 1; crystallin, alpha B; dishevelled associated activator of 
morphogenesis 2; DKEZP586B2420 protein; similar to neuralin 1; tetranectin; src homology 
three (SH3) and cysteine rich domain; B-cell translocation gene 1, anti-proliferative; cholesterol 
25-hydroxylase; runt-related transcription factor 3; hypothetical protein FLJ23191 ; interleukin 
1 1 receptor, alpha; procollagen C-endopeptidase enhancer; frizzled homolog 7; hypothetical 
gene BC008967; collagen, type Ami, alpha 1; tenascin C; iroquois homeobox protein 5; 
hephaestin; integrin, beta 8; synaptic vesicle glycoprotein 2; cDNA nJ12280 fis, clone 
MAJV1MA1001744; cytokine receptor-hke factor 1; potassium intermediate/small conductance 
calcium-activated channel, subfamily N, member 4; integrin, alpha 7; DKFZP586L151 protein; 
transcriptional co-activator with PDZ-binding motif (TAZ); sine oculis homeobox homolog 2; 
KIAA1034 protein; early growth response 3; distal-less homeobox 5; hypothetical protein 
FU20373; aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid dehydrogenase, 
type n); biglycan; fibronectin 1; proenkephalin; integrin, beta-like 1 (with EGF-like repeat 
domains); cDNA clone EUROBIAGE 1968422; EphA3; KIAA0367 protein; natriuretic peptide 
receptor C/guanylate cyclase C (atrionatriuretic peptide receptor C); hypoflietical protein 
iU14054; cDNA DKPZp564B222 (from clone DKFZp564B222); vesicle-associated membrane 
protein 5; EGF-containing fibulin-like extracellular matrix protein 1; BCL2/adenovirus ElB 
19kDa interacting protein 3-like; AE binding protein 1; cytochrome c oxidase subunit VUa 
polypeptide 1 (muscle); neuroblastoma, suppression of tumorigenicity 1; and insulin-like growth 
factor binding protein 2, 36kDa; 

(g) secretes monocyte chemotactic protein 1 (MCP-1), interIeukin-6 (IL-6), stromal- 
derived factor lalpha (SDF-lalpha), interleukin 8 (IL8). granulocyte chemotactic protein-2 
(GCP-2), hepatocyte growth factor (HGF), keratinocyte growth factor (KGF), heparin-binding . 
epidermal growth factor (KDB-EGF), brain-derived neurotrophic factor (BDNF), tissue inhibitor 
of matrix metalloproteinase 1 (TIMPl), thrombopoietin (TPO), macrophage inflammatory 
protein ialpha(MIPla), Rantes (regulated on activation, normal T cell expressed and secreted), 
thymus and activation-regulated chemokine (TARC), and Eotaxin; 

(h) lacks secretion of fibroblast growth factor (FGF), vascular endothelial growth 
factor (VEGF), angiopoietin 2 (ANG2), platelet derived growth factor (PDGF-bb), transforming 
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growth factor beta2 (TGFbeta2), macrophage inflammatoiy protein Ibeta (MlPlb), 1309, and 
macrophage-derived chemokine (MDC), as detected by ELISA; and 



(i) has the ability to undergo at least 40 population doublings in culture. 

13. The placenta-derived cell of claim 1 which has been isolated from a post-partum placenta 
or fragment thereof by enzymatic dissociation. 

14. . The placenta-derived cell of claim 13 wherein said cell is isolated by enzymatic 
dissociation with a matrix metalloprote^, a neutral protease, and a mucolytic enzyme that 
digests hyaluronic acid. 

.15. The placenta-derived cell of claim 14 wherein said matrix metaUoprotease is collagenase. 

16. The placenta-derived cell of claim 14 wherein said neutral protease is dispase. 

17. The placenta-derived cell of claim 14 wherein said mucolytic enzyme is hyaluronidase. 

18. The placenta-derived cell of claim 1 wherein said eel! is passaged 0 to 25 times. 

19. The placenta-derived cell of claim 1 wherein said cell is of a neonatal lineage. 

20. The placenta-derived cell of claim 1 wherein said cell is of a maternal lineage. 

21. The placenta-derived cell of claim 1 that expands in culture medium comprising 
Dulbecco's modified Eagle's medium (DMEM)-low glucose, DMEM-high glucose, 
mesenchymal stem cell growth medium, RPMI1640, CELL-GRO FREE, advanced DMEM 
(Gibco), DMEM/MCDB201 (Sigma), Ham's FID medium, Ham's F12 medium, DMEM/F12, 
Iscove's modified Dulbecco's medium, cmt Eagle's basal medium. 

22. The placenta-derived cell of claim 21 wherein said culture medium comprises 2%-15% 
(v/v) serum. 



23. The placenta-derived cell of claim 21 wherein said culture medium comprises 
betamercaptoethanol. 
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24. The placenta-derived cell of claim 21 wherein said culture medium comprises at least one 
antibiotic agent. 

25. The placenta-derived cell of claim 21 wherein said cell expands in the following culture 
media in order of growth: Growth medium > MSCGM > bcove's + 10% serum = DMEM-high 
glucose + 10% serum = Ham's Fl2 + 10% serum = RPMI1640 + 10% serum. 

26. The cell of claim 1 wherein said cell grows in protein-free culture medium. 

27. The cell of claim 1 wheiem said cell grows in serum-free culture medium. 

28. The cell of claim 1 wherein said cell cannot grow in the absence of L-valine. 

29. The cell of claim 21 wherein said cell grows in the presence of at least one of fibroblast 
growth factor, platelet-derived growth factor, vascular endothelial growth factor, and epidermal 
growth factor. 

30. The cell of claim 21 wherein said cell grows on an uncoated surface. 

31. The cell of claim 21 wherein said cell grows on a surface coated with collagen, 
fibronectin, vitronectin, ornithine, laminin, or extracellular membrane protein. 

32. A homogeneous cell population comprising the cell of claim 1. 

33. A heterogeneous cell population comprising the cell of claim 1 

34. The cell population of claim 33, wherein said population comprises at least about 10% of 
cells of claim 1. 

35. The population of claim 34 further comprising at least one of a stem cell or progenitor 
cell having the ability to differentiate into a mesodMmal, ectodermal, or endodermal phenotype. 

36. The cell population of claim 32 further comprising at least one growth factor of platelet 
derived growth factor-bb, epidermal growth factor, vascular endothelial growth factor, fibroblast 
growth factor, or leukemia inhibitory factor. 
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38. The cell culture of claim 37 furtiier comprising at least Ofne growth factor of platelet 
derived growth factor-bb, epidermal growth factor, vascular endothelial growth factor, fibroblast 
growth factor, or leukemia inhibitory factor. 

39. The culture of claim 37 that can undergo at least 40 population doublings in culture. 

40. An extracellular matrix produced by the cell of claim 1. 

41 . A cell lysate of the cell of claim 1 . 

42. A matrix comprising the cell of claim 1. 

43. The matrix of claim 42 wherein said matrix is a three-dimensional scaffold. 

44. The matrix of claim 43 comprising VICRYL nonwoven scaffold, 35/65 PCL/PGA foam, 
an in situ polymerizable gel, or a self-assembling peptide hydrogel- 

45. A method of isolating a placenta-derived cell from a post-partum human placenta or 
fragment thereof comprising dissociating said cell from said placenta or fragment with a matrix 
metalloprotease, a neutral protease, and a mucolytic enzyme that digests hyaluronic acid. 

46. . The method of claim 45 wherein said matrix metalloprotease comprises collagenase. 

47. The method of claim 45 wherein said neutral protease comprises dispase. 

48. The method of claim 45 wherein said mucolytic enzyme comprises hyaluronidase. 

49. The method of claim 45 further comprising mechanically dissociating said placenta or 

fragment prior to said dissociating step. 

50. The method of claim 45 further comprising growing said cell in culture medium. 

51. The method of claim 50 wherein said culture medium comprises RPMI1640, Ham's FIG 
medium. Ham's FI2 medium, Mesenchymal Stem Cell Growth Medium, Iscove's modified 
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umoecco's medium, Dulbecco's modified Eagle's Medimn (DMEM), CKLL-GRO FREE, 
DMEM/F12, advanced DMEM, DMEMflVICDB201, or Eagle's basal medium. 

52. The method of claim 50 wherein said medium comprises about 2% to about 1 5% (v/v) 
serum. 

53. The method of claim 50 wherein said medium comprises beta-mercaptoethanol. 

54. The method of claim 50 wherein said medium comprises at least one antibiotic agent. 

55. The method of claim 50 wherein said culture medium comprises glucose, 

56. The method of claim 50 wherein said culture medium comprises L-valine. 

57. The method of claim 50 wherein said medium comprises DMEM-low glucose, beta- 
mercaptoethanol, serum, and an antibiotic agent. 

58. The method of claim 45 wherein said fragment of said placenta is a fragment of the 
neonatal aspect of the placenta. 

59. The method of claim 45 wherein said fragment of said placenta is a fragment of the 
maternal aspect of the placenta. 

60. The method of claim 45 further comprising cryopreserving said placenta-derived cell. . 

61. The method of claim 45 further comprising banking said placenta-derived cell. 

62. The method of claim 45 further comprising expanding said selected cells on an uncoated 
surface. 

63. The method of claim 45 further comprising expanding said selected cells on a coated 
surface. 

64. The method of claim 63 wherein said surface is coated with at least one of gelatin, 
collagen, fibronectin, laminin, ornithine, vitronectin, or extracellular membrane protein. 
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66. The matrix of claim 65 wherein said matrix is a three-dimensional scaffold. 

67. The matrix of ciaun 66 comprising VICRYL nonwoven scaffold, 35/65 PCL/PGA foam, 
an in situ polymerizable gel, or a self-assembling peptide hydrogel, 

68. A matrix comprising the cell lysate of claim 41. 

69. The matrix of claim 68 wherein said matrix is a three-dimensional scaffold. 

70. The matrix of claim 69 comprising VICRYL nonwoven scaffold, 35/65 PCL/PGA foam, 
an in situ polymerizable gel, or a self-assembling peptide hydrogel, 

7L A method of producing a population of placenta-derived cells by expanding a cell of 
claim 1 in culture. 

72. The method of claim 7 1 wherein said step of expanding said cell comprises culturing said 
cell in RPMI1640, Ham's FIO medium, Ham's F12 medium, Mesenchymal Stem Cell Growth 
Media, Iscove's modified Dulbecco's medium, Dulbecco's Modified Eagle's Medium (DMEM)- 
high glucose, DMEM-low glucose, advanced DMEM, DMEMZMCDB201, CELL-GRO FREE, 
DMEM/F12, or Eagle's basal medium. 

73. The method of claim 71 wherein said step of expanding comprises culturing said cell in 
culture medium comprising DMEM-low glucose, serum, beta-mercaptoethanol, and an antibiotic 

agent. 

74. A conditioned culture medium generated by the growth of the culture of claim 37. 

75. The conditioned medium of claim 74 comprising at least one of interleukin 8 (IL8), tissue 
factor, hepatocyte growth factor (HGF), monocyte chemotactic protein 1 (MCP-1), keratinocyte 
growth factor (KGF), tissue inhibitor of matrix metalloproteinase 1 (TIMPl), thrombopoietin 
(TPO), heparin-binding epidermal growth factor (HB-EGF), stromal-derived factor 1 alpha (SDF- 
lalpha), btain-derived neurotrophic factor (BDNF), interleuldn-6 (IL-6), granulocyte 
chemotactic protein-2 (GCP-2), macrophage inflammatory protein lalpha (MlPla), monocyte 
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chemoattractant-1 (MCP-1), Rantes"(regulated on activation, normal T cell expressed and 
secreted), thymus and activation-regulated chemokine (TARC), and Eotaxin. 



76. A cell culture comprising the conditioned medium of claim 75 and a mammalian cell in 
need of at least one of interleukin 8 (ELS), tissue factor, hepatocyte growth factor (HGF), 
monocyte chemotactic protein 1 (MCP-1), keratinocyte growth factor (KGF), tissue inhibitor of 
matrix raetalloproteinase 1 (TIMPl), thrombopoietin (TPO), heparin-binding epidermal growth 
factor (HB-EGF), stromal-derived factor lalpha (SDF-lalpha), brain-derived neurotrophic factor 
(BDNF), interleuldn-6 (IL-6), granulocyte chemotactic protein-2 (GCP-2), macrophage 
inflammatory protein lalpha (MlPla), monocyte chemoattractant-1 (MCP-1), Rantes (regulated 
on activation, normal T cell expressed and secreted), thymus and activation-regulated chemokine 
(TARC), and Eotaxin. 

77. The cell culture of claim 76 wherein said mammalian cell is a stem cell or a progenitor 
cell. 

78. The placenta-derived cell of claim 1 wherein said characteristic is stable with passage of 
said cell. 

79. A kit comprising at least one cell of claim 1 and at least one additional component of a 
scaffold, a hydrating agent, a ceU culture substrate, and cell culture media. 

80. The kit of claim 79 wherein said ceU is cryopreserved. 

81. The kit of claim 79 wherein said cell is seeded on said scaffold. 



82. The cell of claim 1 that is genetically engineered to produce a protein of interest 
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CBAT0014, ST25.txt 
SEQUENCE LISTING 

<X10> Ethicon, Incorporated 
Kihm, Anthony J. 
Harris, Ian Ross 
Mistry, Sanjay 
Harmon, Alexander M, 
Messina, Darin J. 
Seyda, AgnisBzka 
Yi, Chin- Feng 
Gosiewska, Anna 

<120> POSTPaRTUM CELLS DERIVED FROM PLaCBMTAL TISSUE, AMD MEUTODS OF 
MAKING AMD USING THE SAME 

<130> CBAT-0014 

<150> US SO/483,264 
<151> 2003-06-27 

<160> 15 

<:170> Patentin version 3.2 

c210> 1 

c2il> 22 

«:212> Dm 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400> 1 

gagaaatcca aagagcaaat gg 



<210> 2 

<2H> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400> 2 

agaatggaaa actggaatag g 



<210> 3 

<211> 20 

<212> DNA 

-:213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400s 3 

tcttcgatgc ttcggattcc 



<210> 4 

<211> 21 

<2i2> DMA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400> 4 

gaattctcgg aatctctgtt g 
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CBAT0014.ST25.txt 



<210> 5 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<400> S 

ttacaagcag tgcagaaaac c 21 



<210> 6 

<21I> 22 

<2i2> DMA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 



<210> 7 

<211> 20 

<212> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Synthetic Construct 

<:400> 7 

tctgcagctc tgtgtgaagg 20 



<210> 8 

<2H> 22 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Construct 



<210> 9 

<211> 17 

<212> DMA 

<213> Artificial Sequence 
<220> 

<:223> Synthetic Construct 

<400> 9 

cccacgccac gctctcc 



<210> 10 

<211> 19 

<212> DWA 

<;213> Artificial Sequence 
<220> 

<223> Synthetic Construct 



<400> 6 

agtaaacatt gaaaccacag 



22 



<400> 8 

cttcaaaaac ttctccacaa cc 



22 
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<400> 10 

tcctgtcagt tggtgctcc 



<211> 20 

<212> Dm. 

<213> Artificial Sequence 
<22Q> 

<223> Synthetic Construct 

<400> 11 

otggattggc gttgtttgtg 



<223> Synthetic Construct 
<400> 13 

tcccaaggtg gagtgctgta g 



<210> 13 

f:211> 21 

<212> DNA 

<213> Artificial Sequence 



<212> DNA 

<213> Artificial Sequence 



<222> Synthetic Construct 
<400> 14 

ggcagtctgg ctttctcaga tt 



<210> 15 
<211> 21 



<223> Synthetic Construct 
<400> 15 

ccctotccct tacccttagc a 



<210> 16 

<211> 23 

<2ias DHA 

<213> Artificial Sequence 
<220> 
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<223> Synthetic Construct 
<400> 16 

chgtgaaagg accfcgtctgt cgc 
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